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NIKOLAI  PAVLOVICH  FEDOTYEV 


(On  his  60th  birthday) 


March  11,  1957  was  the  60th  birthday  and  the  end  of  35  years  of  scientific  activity  of  N.  P.  Fedotyev, 
Doctor  of  Chemical  Sciences,  Professor  in  charge  of  the  Chair  of  Electrochemistry  at  the  Lensoviet  Technologi¬ 
cal  Institute,  Leningrad. 

N.  P.  Fedotyev  is  among  the  Soviet  scientists  who  started  advanced  teaching  after  acquiring  wide  indus¬ 
trial  experience.  This  assists  him  in  introducing  the  results,  of  theoretically  substantiated  scientific  research 
into  industry. 


N,  P.  Fedotyev 


Even  before  graduation  at  the  Leningrad  Polytechnic  Institute,  he  worked  in  various  electrochemical  indus¬ 
tries  on  the  production  of  chlorine,  alkalies,  chromium  salts,  copper  powder,  etc.  As  production  manager  at  the 
Precious  Metal  Refinery  (of  the  People’s  Commissariat  of  Finance)  he  took  part  in  organization  of  electrochem^ 
cal  refining  of  precious  metals.  After  graduation  at  the  Institute,  Fedotyev  worked  for  a  number  of  years  as  head 
of  the  electrolysis  section  of  the  "Krasnyi  Vyborzhets"  works,  where  he  organized  the  production  of  nickel  sulfate 
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and  the  extraction  of  tin  from  industrial  wastes.  Under  the  guidance  of  P,  P.  Fedotyev  he  designed  and  put  into 
operation  a  large  experimental  installation  for  the  electrolytic  production  of  aluminum,  which  was  used  in 
1929  ID  produce  the  first  tons  of  this  metal  entirely  from  domestic  raw  materials.  He  planned  the  complete  re¬ 
construction  of  the  copper  refining  section  of  the  "Krasnyi  Vyborzhets"  works.  From  1930  he  worked  in  the  Science 
Department  of  the  State  Institute  of  applied  chemistry,  and  in  1932  he  began  his  teaching  activity  in  the 
Lensoviet  Technological  Institute,  Leningrad,  where  he  has  held  the  Chair  of  Electrochemistry  since  1938.  He 
is  still  working  in  these  institutions  at  the  present  time. 

Fedotyev  spent  the  war  years  in  Kazan,  working  in  the  Kazan  Technological  Institute,  where  he  organized 
the  first  department  of  electrochemistry. 

In  1942  he  presented  his  doctorate  dissertation,  which  dealt  with  the  hydrometallurgy  of  nickel,  and 
received  the  title  of  professor.  In  addition  to  work  on  his  dissertation,  he  performed  a  number  of  industrial  tasks 
of  importance  for  defense. 

The  main  directions  of  N.  P.  Fedotyev's  scientific  activity  are  electrocrystallization  of  metals  and  oxida¬ 
tion  processes  in  aqueous  solutions.  Much  of  his  research  has  dealt  with  electroplating  problems,  such  as  accelera¬ 
tion  of  processes  for  the  production  of  metallic  deposits,  studies  of  their  mechanical  properties,  and  the  technol¬ 
ogy  of  the  deposition  of  alloys. 

His  work  on  the  electrolytic  refining  of  nickel  was  used  in  the  planning  of  the  first  nickel  works.  He  also 
developed  the  technology  of  the  electrochemical  production  of  phosphorus  from  Kola  apatites. 

In  the  State  Institute  of  Applied  Chemistry  he  has  for  many  years  led  a  group  of  research  workers  engaged 
In  a  number  of  very  urgent  problems  of  applied  electrochemistry.  Many  of  the  results  have  already  been  adopted 
in  industry. 

N.  P.  Fedotyev's  scientific  work  is  carried  out  in  close  cooperation  with  industry.  Some  processes  were 
first  operated  in  the  USSR  owing  to  his  research  and  planning.  In  recent  years  he  has  carried  out  a  number  of 
important  investigations  on  acceleration  of  electroplating  processes,  improvement  of  the  mechanical  properties 
of  galvanic  coatings,  and  the  economics  of  nonferrous  metals,  on  behalf  of  the  Egorov,”’Vulkan,"  "Soyuz,"  and 
a  number  of  other  factories.  Much  attention  was  devoted  to  rationalization  of  electropolishing  and  anodic  oxida¬ 
tion  processes. 

For  this  participation  in  the  development  of  new  industrial  processes,  in  collaboration  with  the  workers  of 
the  Norilsk  nickel  combine,  N.  P.  Fedotyev  was  awarded  a  Stalin  prize  in  1951.  He  has  twice  received  the 
Order  of  the  Red  Banner  of  Labor  and  badges  for  distinction  in  socialist  competition  awarded  by  the  Ministry  of 
Nonferrous  Metallurgy  and  Chemical  Industry. 

He  has  published  about  60  original  research  papers,  several  reference  books  and  text  books,  some  of  which 
have  been  translated  into  foreign  languages.  He  now  has  in  the  press  a  monograph  on  electropolishing  and  anodic 
oxidation  of  metals.  A  number  of  his  Author's  Certificates  have  been  adopted  in  industry. 

Teaching  activities  occupy  a  prominent  part  in  N.  P,  Fedotyev's  work,  A  talented  lecturer  and  an  attentive 
instructor,  he  enjoys  the  affection  and  respect  of  his  students.  He  has  trained  a  large  number  of  chemical  en¬ 
gineers  and  more  than  20  science  graduates. 

During  recent  years  he  has  done  extensive  social  work  in  the  House  of  Scientific  and  Technical  Propaganda, 
being  in  charge  of  the  electroplating  technicians'  seminar  in  Leningrad,  and  frequently  giving  lectures  and  talks 
on  popular  science  in  various  towns  of  our  Union. 

Since  1945  he  has  been  a  member  of  the  Editorial  Board  of  the  Journal  of  Applied  Chemistry,  and  has  given 
considerable  help  to  inexperienced  authors,  carefully  reviewing  their  papers  and  accompanying  his  reports  with 
valuable  guidance  and  advice. 

As  well  as  being  an  eminent  specialist  in  the  field  of  electrochemistry  and  a  well-known  scientist,  N,  P. 
Fedotyev  has  a  broad  artistic  outlook.  He  has  a  great  love  and  a  wide  knowledge  of  graphic  art  and  artistic 
literature.  He  has  always  combined  his  creative  scientific  work  ably  with  sport,  and  has  attained  great  skill  in 
yachting. 


One  of  his  most  characteristic  features  is  his  imperturbable  calm  and  kindly  attitude  to  people.  An  ex¬ 
ternal  reticence  and  a  certain  severity  conceals  a  man  with  a  great  sense  of  humor  and  a  charm  very  familiar 
to  those  who  know  him  well. 

The  Editorial  Board  of  the  Journal  of  Applied  Chemistry  offers  to  Nikolai  Pavlovich  Fedotyev  sincere 
greetings  on  his  60th  birthday  and  wishes  him  health,  strength,  and  further  successes  in  his  glorious  creative  path. 

N,  I.  Nikitin  and  L.  K,  Simonova 


AUTOXIDATION  PROCESSES  IN  HYPOCHLORITE  SOLUTIONS 


I.  E,  Flis  and  M,  K.  Bynyaeva 
The  V.  M.  Molotov  Technological  Institute,  Leningrad 


Processes  involving  the  oxidizing  action  of  hypochlorites  have  extensive  practical  applications  in  the 
cellulose,  paper,  textile,  and  other  branches  of  industry. 

No  less  important  from  the  practical  aspects  are  reactions  of  hypochlorite  autoxidation  in  solution,  lead¬ 
ing  to  formation  of  chlorates  and  chlorides.  These  reactions  form  the  basis  of  the  chemical  production  of  potas¬ 
sium  chlorate  and  other  chlorates. 

Some  results  of  a  study  of  the  kinetics  of  these  processes  are  presented  in  this  paper. 

The  principal  components  of  hypochlorite  solutions  in  alkaline,  neutral,  and  weakly  acidic  media  are 
hypochlorite  (CIO")  and  hypochlorous  acid  (HClO).  The  composition  of  hypochlorite  solutions,  and  therefore 
the  proportions  of  these  two  main  components,  vary  with  the  pH,  These  variations  may  be  studied  by  potentlo- 
metric  titration  of  alkaline  hypochlorite  solutions  with  acids. 

Curves  for  the  potentiometric  titration  of  hypochlorites  with  various  acids,  obtained  with  the  aid  of  a  glass 
and  a  platinum  redox  electrode,  are  given  in  one  of  our  papers  [1], 

In  a  strongly  acid  medium  (pH  <  3),  the  solution  contains  chlorine  and  hypochlorous  acid. 

The  opinion  is  widely  held  at  the  present  time  [2-11]  that  only  hypochlorous  acid  acts  as  the  active 
oxidizing  agent  in  oxidation  and  autoxidation  processes  in  hypochlorite  solutions.  It  is  generally  held  that  hypo¬ 
chlorite  ions  either  do  not  take  any  part  in  the  oxidation  or  have  much  lower  oxidizing  power  than  hypochlorous 
acid. 


However,  several  facts  contradict  these  views.  For  example,  it  is  known  that  oxidation  and  autoxidation 
processes  in  hypochlorite  solutions  occur  most  rapidly  and  vigorously  in  media  close  to  neutrality  [10,  11],  i.  e., 
when  both  hypochlorous  acid  and  hypochlorite  ions  are  present  in  solution  in  comparable  amounts.  It  is  interest¬ 
ing  to  note  that  at  pH  of  5-6,  when  HClO  is  present  almost  exclusively  in  the  solution,  these  processes  are  con¬ 
siderably  less  vigorous. 

The  established  views  are  also  contrary  to  a  number  of  thermodynamic  calculations. 

For  example,  the  standard  changes  of  isobaric  potential  in  the  formation  of  HClCTand  HClO  (AZ^)  [12] 
are -8.9  kcal/g-ion  and  -19.11  kcal  /mole  respectively. 

It  follows  from  these  values  that  the  thermodynamic  stability  of  the  hypochlorite  ion  is  lower  than  that  of 
hypochlorous  acid  in  solution. 

Table  1  gives  the  values  of  standard  changes  of  isobaric  potential  in  certain  processes  of  oxidation  of  hy¬ 
pochlorite  and  hypochlorous  acid. 

The  values  given  for  AZO  ,  calculated  from  data  in  thermodynamic  tables  [12],  show  tiiat  oxidation 
298* 

processes  involving  hypochlorite  ions  are  thermodynamically  more  probable  than  analogous  oxidation  reactions 
involving  HClO. 


TABLE  1 

Standard  Changes  of  Isobaric  Potential  in  Certain  Processes  Involving 
Hypochlorite  and  Hypochlorous  Acid 


Process 

^Z.’298* 

(in  kcal.) 

1  1 

^Cl2g “|~  ^02 g"}-  f— >G10 

—  8.90 

2  ^2g"f"  ^®2g  HClOj 

CIO-  +  2H+  +  2e  Cl-  +  HgO 

HClOs  +  H+  +  2e  -»  Cl-  +  HgO 

—19.11 

—79.14 

—68.93 

1 

GlO  ->  Cl  ^02  g 

—22.45 

HClOj  -♦H+  +  Cl-  +  ^‘02g 

—12.24 

2CIO--t-  HClOj  ->C103-+H+  +  2C1- 

—26.41 

2HC10s  +  GI0-->C103-  +  2H++2C1- 

—16.20 

3HC10s  +  aClg  s  +  3H2O  ->  2CIO3-  +  9H+  4-  7C1- 

-f  1.76 

I 

I 

) 


The  results  of  a  study  of  oxidation  potentials  in  hypochlorite  solutions  also  fall  to  confirm  the  exceptional 
activity  of  hypochlorous  acid  in  oxidation  processes.  Figure  1  shows  the  relationship  between  the  oxidation 
potential  and  the  pH  of  hypochlorite  solution.  It  seems  likely  that  if  HCIO  plays  such  an  important  part  as  an 
oxidizing  agent,  its  presence  should  appreciably  influence  the  regular  variation  of  the  oxidation  potential.  If 
this  were  so,  the  oxidation  potential  would  be  determined  by  an  electrochemical  equilibrium  in  which  HCIO 
would  play  a  direct  part,  such  as  HCIO  +  H^  +  2e  Cl"  +  H2O.  This  would  be  noticeable  in  the  pH  range  in 
which  HCIO  is  present  in  solution  in  relatively  appreciable  amounts  (3  <  pH  <  8). 

However,  as  has  been  shown  by  Nikolsky  and  Flis  [1,  13],  the  regular  variation  of  the  oxidation  potential 
with  pH  cannot  be  attributed  either  to  the  above  equilibrium,  or  to  any  other  equilibrium  involving  HCIO. 

Calculations  show  that  if  hypochlorous  acid  were  directly  involved  in  the  potential-determining  equilibrium, 
the  variation  of  oxidation  potential  with  pH  would  be  represented  by  Curve  II  in  Fig.  1. 

It  was  of  interest  in  this  connection  to  determine,  on  the  basis  of  kinetic  data,  the  roles  of  HCIO  and  hypo¬ 
chlorite  in  autoxidation  processes.  This  problem  was  studied  experimentally  in  the  pH  range  in  which  these 
components  are  present  in  solution  in  comparable  quantities  (pH  w  6-8), 

If  hypochlorous  acid  is  the  active  oxidizing  agent  in  the  autoxidation  process,  the  reaction  of  chlorate 
and  chloride  formation  could  be  represented  by  the  equation: 

2 HCIO  +  CIO-  -►  0105-  2Gl--f 

+  2H+.  (1)  (1) 

From  the  conditions  for  the  equilibrium  dissociation  of  HCIO  it  follows  that 

K  •  C 

Ccio-  =  a-  +  Ch.  8-lon/Uterai.d 
C  •  CgQ 

^HClO  “  K  -f  Cjj+ 


where  K  is  the  dissociation  constant  of  HCIO,  Cac  sum  of  the  CIO  and  HCIO  concentrations,  generally 


360 


known  as  the  active  chlorine  concentration,  and  Cj|+  is  the  concentration  of  H+  ions. 
Hence  the  rate  of  reaction  (1)  will  be 


AT,'.  K  ■  Cl^. .  C 


ac 


where  Kj  is  the  rate  constant  of  reaction  (1). 


A 


Fig.  1.  Variation  of  oxidation  potential  with  pH. 
A)  Potential  (in  v),  B)  pH  value. 

I)  Experimental  values,  II)  calculated  values. 


The  dependence  of  the  rate  of  reaction  (1) 
on  the  H"^  ion  concentration,  at  a  definite  active 
chlorine  concentration  in  the  solution,  will  be 
represented  by  the  equation 


aC 


H+/C 


K.  .  K 


ac 


H+ 


The  maximum  rate  under  these  conditions 
will  be  found  at  Cj|+  (^ax)  ~ 

If,  on  the  contrary,  the  hypochlorite  ion  acts 
as  oxidizing  agent,  the  reaction  will  proceed  accord¬ 
ing  to  the  equation: 

2G10-  +  HCIO  GlOf  4-  2G1-  4-  H+.  (2) 

Its  rate  will  be; 

_  _  JC,K‘C„^Cl^ 

"  (AT  +  ' 

K2  is  the  rate  constant  of  reaction  (2). 


—  2CH+)and  Gjj+(n5ax)  = 


K 

~2  ' 


Let  us  assume,  however,  that  both  reactions  take  place  in  the  autoxidation  of  hypochlorite;  then 


y  =  i;i  4-  Va  = 


KC 


dv 


^^H+/<?ac  (^  +  ^H+) 


and 


^H+(max)  —  [(^1  “  ^2)  i  \/^i  ^1^2  +  ^2]  • 


It  follows  from  this  that  at  similar  values  of  Ki  and  K2  the  maximum  rate  should  be  found  at  values  of 
Cpj+  close  to  the  dissociation  constant  of  hypochlorous  acid. 
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On  the  basis  of  this  reasoning,  experiments  were  carried  out  in  which  the  autoxidation  rate  of  hypochlorite 
was  studied  at  different  pH  values  of  the  solution. 

The  autoxidation  rates  were  studied  in  buffered  solutions  at  10,  25,  35,  and  50*.  In  the  conditions  of  our 
experiments,  a  mixture  of  disubstituted  and  monosubstituted  phosphates  proved  the  most  suitable  for  buffering, 
as  these  substances  themselves  had  very  little  effect  on  the  decomposition  rate  of  hypochlorite.  The  experiments 
were  performed  with  solutions  with  the  same  initial  active  chlorine  concentration  at  practically  constant  pH, 
which  was  continuously  checked  during  the  experiments.  The  experiments  were  usually  continued  for  up  to  one 
hour  at  50,  35,  and  25°,  and  up  to  two  hours  at  10°.  Samples  were  taken  at  intervals  during  the  experiments  for 
determinations  of  the  active  chlorine  content  and  of  the  amount  of  chlorate  formed.  Analysis  showed  that  in 
these  conditions  90-95%  of  the  hypochlorite  was  converted  into  chlorate,  i.e.,  that  the  decomposition  processes 
are  almost  entirely  the  results  of  autoxidation. 

The  experimental  conditions  were  so  chosen  that  the  concentration  variations  influenced  the  rate  of  the 
process  much  less  than  did  the  difference  of  the  concentrations  (activities)  of  hydrogen  ions. 

As  the  literature  contains  no  data  on  the  dissociation  constant  of  HCIO  in  the  temperature  range  studied, 
special  experiments  were  carried  out  to  determine  the  dissociation  constant  of  hypochlorous  acid  at  various  tem¬ 
peratures. 

The  dissociation  constants  were  determined  potentiometrically.  They  were  calculated  from  the  potentio- 
m  etric  titration  curves  showing  the  variations  of  pH  of  the  titrated  solutions  with  the  amounts  of  acid  added. 

The  values  found  for  the  dissociation  constant  were  used  to  calculate  the  maxima  for  the  autoxidation 
rates  of  hypochlorite  according  to  Equations  (1)  and  (2)  at  various  temperatures. 

Our  values  for  the  dissociation  constant  of  HCIO  at  various  temperatures  are  given  in  Table  2.  This  table 
also  gives  the  pH  values  corresponding  to  the  maximum  autoxidation  rates  according  to  Equations  (1)  and  (2)  at 
various  temperatures.  The  last  column  gives  the  pH  values  of  solutions  for  which  the  maximum  autoxidation 
rates  had  been  determined  experimentally. 


TABLE  2 

Dissociation  Constants  of  HCIO  and  Autoxidation  Rate  Maxima  at 
Various  Temperatures 


Tempera¬ 
ture  CO 

Dissociation 

constant 

HU 

HUi 

pH  vaiues  corre¬ 
sponding  to 
maximum  autox¬ 
idation  rates 
(experimental) 

Reaction  (1) 

Reaction  (2) 

10 

3.2  .  10-8 

7.19 

7.79 

7.38 

26 

5.0  •  10-8 

7.00 

7.60 

7.27 

35 

6.6  .  10-8 

6.88 

7.48 

7.15 

50 

8.9  •  10-8 

6.75 

7.35 

7.02 

Figure  2  gives,  in  graphical  form,  the  results  of  determinations  of  the  rate  of  autoxidation  of  hypochlorite 
at  various  pH  values  and  at  different  temperatures. 

The  experimentally  determined  maxima  of  the  decomposition  rate  are  clearly  seen  in  the  curves  in  Fig.  2, 
Analysis  of  the  curves  for  the  rate  of  the  autoxidation  reaction  as  a  function  of  pH  shows  that  the  maxima  in  the 
temperature  range  studied  lie  betweer*  pH  7.38  (at  10°)  and  7.02  (at  50°). 

Figure  2  also  shows  the  pH  values  corresponding  to  maximum  rates  of  autoxidation  by  reactions  (1)  and  (2). 

These  results  show  that  the  experimental  rate  maxima  do  not  coincide  with  the  values  for  the  separate 
reactions  (1)  and  (2). 
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6.75  7.02  7.35 


Fig.  2.  Variation  of  hypochlorite  de¬ 
composition  rate  with  pH  at  various 
temperatures. 

A)  Molar  ratio  of  decomposed  (HCIO  + 
+  CIO")  to  initial  (in  %),  1)  percent¬ 
age  decomposition  after  two  hours;  2, 
3,  4)  percentage  decomposition  after 
one  hour;  B)  pH  value.  Temperature 
(•C):  1-  10,  2  -  25, 8  -  35,  4  -  50. 

constant  (as  the  experiments  were  performed  in 
the  rate  constants: 


The  experimentally  determined  maxima  lie  at  pH 
values  intermediate  between  the  values  calculated  for 
each  of  the  reactions. 

This  leads  to  the  conclusion  that  autoxidation  in 
hypochlorite  solutions  In  the  pH  range  studied  (approxi¬ 
mately  6-8)  is  the  result  of  both  reactions.  Hence  it 
follows  that  both  hypochlorous  acid  and  hypoclorite  may 
act  as  the  active  cause  of  autoxidation  in  these  processes. 
The  results  show  that  the  established  view  concerning  the 
predominant  role  of  HCIO  as  dre  active  principle  in 
autoxidation  processes  in  hypochlorite  solutions  apparently 
does  not  correspond  to  reality. 

For  kinetic  characterization  of  the  autoxidation 
reactions,  the  rate  constants  Kj  and  K2,  corresponding  to 
Equations  (1)  and  (2),  were  calculated. 

If  diese  reactions  occur  in  reality,  the  rate  of  the 
process  may  be  represented  by  the  equation 


dC 


ac 

dt 


K 


where  «  =  — i  was  found  from  the  ratio  of  the  intercepts 
K2 

representing  the  distances  between  the  experimental  rate 
maxium  and  the  maxima  calculated  for  reactions  (1)  and 
(2).  These  intercepts  are  shown  for  each  temperature  in 
Fig.  2. 

Integration  of  the  above  equation,  with  Cj^  assumed 
buffered  solutions)  gives  the  following  equation  for  calculation  of 


J_/_J _ L.\  J£±fHi)L 

2^^\^/(ac)  ^o(ac)/  + 


where  Cq^  and  C^-  ^^c)  respectively*  the  initial  concentration  of  active  chlorine  and  the  concentration  at 
time  t. 

TABLE  3 

Average  values  of  the  Rate  Constants  for  Reactions  (1)  and  (2)  at  Various  Tem¬ 
peratures 


Tempera- 

Rate  constants  for  re- 

Rate  constants  for  re 

ture(*C) 

action  (1)  (Ki) 

action  (2)  (K2) 

10 

0.00352  ±  0.0009 

0.00163  ±  0.00004 

2.20 

3.90 

26 

0.00776  ±  0.00010 

0.00636  ±  0.00008 

2.69 

2.59 

35 

0.02011  ±  0.00036 

0.01648  ±  0.00029 

f.46 

1.46 

50 

0.02918  ±  0.00084 

0.02392  ±  0.00069 
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Average  values  of  the  rate  constants  for  the  reaction  of  hypochlorite  autoxidation  at  various  temperatures 
are  given  in  Table  3.  The  average  values  were  obtained  from  the  results  of  10-15  experiments  at  each  temper¬ 
ature. 

The  data  in  Table  3  show  that  the  errors  of  the  average  values  of  the  rate  constants  of  the  autoxidation 
reaction  are  relatively  small. 

The  fact  that  the  values  of  Kj  and  K2  are  practically  constant  provides  additional  confirmation  of  the  view 
that  reactions  (1)  and  (2)  occur  simultaneously  in  the  autoxidation  of  hypochlorite  in  the  pH  range  studied. 

The  values  of  Kj  and  Kj  (Table  3)  for  any  one  temperature  differ  relatively  little. 

The  difference  becomes  more  appreciable  at  10".  The  similar  values  of  Ki  and  K2  give  reason  to  believe 
that  reactions  (1)  and  (2)  probably  have  a  common  mechanism. 

The  rates  of  both  reactions  increase  with  temperature.  The  rate  constants  show  relatively  larger  increases 
in  the  ranges  of  10-25  and  25-35".  The  constants  increase  at  a  lower  rate  at  35-50". 

This  result  corresponds  to  the  positions  of  the  autoxidation  rate  maxima  for  various  temperatures  in  the 
curves  in  Fig.  2.  The  greatest  vertical  distance  between  the  maxima  was  observed  in  the  transition  from  25  to 
35". 

This  means  that  the  rate  of  autoxidation  of  hypochlorite  shows  a  relatively  large  change  in  the  25-35" 
temperature  range.  This  result  is  important  in  relation  to  the  industrial  use  of  hypochlorites,  both  for  cellulose 
bleaching  and  for  the  production  of  chlorates. 

The  results  of  our  investigations  can,  in  addition,  be  used  in  the  technology  of  chlorate  production. 

Our  experimental  data,  represented  by  the  curves  in  Fig.  2,  show  that  the  rate  of  autoxidation  and  chlorate 
formation  greatly  decreases  both  in  the  transition  from  a  nearly  neutral  to  an  alkaline  medium,  and  in  the  tran¬ 
sition  to  the  acid  region  of  pH  values. 

Therefore  from  the  kinetic  aspect  it  is  disadvantageous  to  carry  out  the  chlorate  formation  reaction  either 
in  an  alkaline  or  in  an  acid  medium.  It  is  most  advantageous  to  carry  it  out  in  the  pH  range  of  about  7-7.5. 

SUMMARY 

1.  As  the  result  of  an  investigation  of  the  autoxidation  rate  in  hypochlorite  solutions  in  the  pH  range  of 
about  6-8,  at  temperatures  of  10,  25,  35,  and  50°,  it  was  found  that  the  process  involves  two  simultaneous  re¬ 
actions: 

2HC10  f  C10-->  CIO5-  +  2H++2GI-  and 
2C10-  +  HCIO  ->  ClOr  +  H+  -f  2G1-. 


It  follows  that  not  only  hypochlorous  acid  but  also  the  hypochlorite  ion  (CIO")  acts  as  an  active  oxidizing  agent 
in  die  process. 

2.  Calculated  values  of  the  rate  constants  of  the  autoxidation  reactions  at  various  temperatures  betv/een 
10  and  50"  show  that  the  autoxidation  rate  changes  most  sharply  in  the  transition  from  10  to  35*. 

3.  It  is  shown  on  the  basis  of  the  results  obtained  that  from  the  kinetic  standpoint  the  chemical  production 
of  chlorates  is  most  advantageously  carried  out  in  a  medium  of  pH  about  7-7.5. 
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OXIDATION  OF  COPPER  IN  AQUEOUS  POTASSIUM  DICHROMATE  - 
SULFURIC  ACID  SOLUTIONS 

N.  N.  Milyutin  and  A.  I.  Shultin 

As  is  known,  the  rate  of  the  reaction  of  metal  oxidation  in  solution  can  be  described  in  terms  of  the  laws 
of  electrode  process  kinetics.  The  rate  of  oxidation  of  a  metal  depends  on  the  magnitude  of  the  stationary 
potential  and,  in  absence  of  complicating  factors,  obeys  the  equation 

«/>  =  a  +  b  log  ia,  (1) 

The  oxidation  of  copper  in  nitric  acid  is  satisfactorily  described  by  this  equation  [1],  It  was  desired  to 
test  the  applicability  of  the  equation  to  the  oxidation  of  copper  by  other  oxidizing  agents.  Experiments  were 
therefore  carried  out  to  study  the  relationship  between  the  oxidation  rate  of  copper  and  the  stationary  potential 
in  aqueous  potassium  dichromate  —  sulfuric  acid  solutions. 

The  experimental  procedure  used  was  largely  the  same  as  in  the  study  of  the  oxidation  of  copper  in  nitric 

acid. 

The  solutions  used  for  the  experiments  were  made  from  weighed  amounts  of  twice  recrystallized  and 
ignited  potassium  dichromate  and  1  N  sulfuric  acid.  The  acid  and  water  used  were  also  purified  by  twofold 
distillation. 

EXPERIMENTAL 

The  experiments  were  carried  out  at  25*.  The  dichromate  concentrations  were  0.011,  0.022,  0,045,  0,100, 
0.200,  0.300,  0.350  and  0.440  molar.  The  sulfuric  acid  was  1  N. 

A 

0.32 
0.30 

Fig.  1,  Variation  of  the  potential  of  copper  with  time  during 
oxidation  in  0.011  molar  K2Cr207  solution. 

A)  Potential  ^  (in  v),  B)  time  (in  hours). 

The  potential  of  copper  undergoing  oxidation  in  solutions  between  0,011  and  0.100  molar  varied  in  the 
same  way  as  in  the  oxidation  of  copper  in  nitric  acid,  i.  e.,  the  potential  gradually  increased  to  a  constant 
value.  When  copper  was  oxidized  in  more  highly  concentrated  dichromate  solutions  the  potential  changed  in 
the  reverse  direction,  i.  e.,  it  was  high  at  first,  and  then  decreased  to  a  constant  value. 

Variations  of  the  potential  of  copper  with  time  at  different  dichromate  concentrations  are  shown  in  Figs, 

1  and  2,  which  give  graphs  for  the  variations  of  the  potential  during  oxidation  of  copper  in  0.011  and  0.350  M 
potassium  dichromate  solutions. 
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The  results  of  determinations  of  the  potential  of  copper  and  its  oxidation  rates  at  25"  in  potassium  dichro¬ 
mate  solutions  of  various  concentrations  are  given  in  Table  1  and  Fig.  3. 


TABLE  1 

Oxidation  of  Copper  in  Potassium  Dichromate  Solutions  at  25" 


KjCrjO^  concen 
tration  (molar) 

^ec. 

No. 

Duration  of 
exper.(hrs.) 

Rate  of  solu- 
tion(g/m*  •  hr) 

Stationary 
potential  (in  v) 

0.011  j 

1 

7.5 

52.3 

0.294 

2 

10.00 

49.0 

0.292 

0.022  j 

1 

9.0 

169.5 

0.314 

2 

9.8 

161.0 

0.313 

( 

1 

4.5 

518 

0.338 

0.045  { 

2 

7.0 

412 

0.340 

1 

3 

7.0 

420 

0.340 

0.100  j 

1 

2.0 

964 

0.369 

2 

2.0 

1034 

0.369 

0.200  j 

1 

2.0 

1760 

0.448 

2 

1.5 

1565 

0.448 

0.300  j 

1 

1.6 

1510 

0.458 

2 

1.5 

1955 

0.464 

0.350  1 

1 

1.5 

1475 

0.475 

2 

1.5 

1470 

0.475 

0.440  1 

1 

2.0 

1495 

0.478 

2 

2.0 

1540 

0.477 

It  follows  from  Fig.  3  that  in  this  case  also  the  logarithm  of  the  oxidation  rate  is  a  linear  function  of  the 
potential.  The  points  for  the  oxidation  of  copper  in  dilute  dichromate  solutions  lie  on  a  straight  line  represented 
by  the  equation  =  a  +  b  log  v  where  a  =  0.195  v  and  b  =  0.056  v. 

The  experimentally  observed  oxidation  rates  of  copper  and  the  rates  calculated  from  Equation  (1)  are 
compared  in  Table  2. 

The  data  in  Table  2  show  that  the  variation  of  the  oxidation  rate  of  copper  with  the  potential  obeys  the 
equation  (p  =  0.195  +  0,056  log  v.  The  observed  deviations  do  not  exceed  the  experimental  error. 


TABLE  2 


Comparison  of  the  Oxidation  Rates  of  ^ 

Copper  Found  Experimentally  and  Cal-  054  ^ 

culated  from  Equation  (1) 

0.52- 

L  . 

Stationary 
potential 
(in  V) 

Calculated 
rate  (in 
g/m*  fhour) 

Observed  rate 

O  ou  - 

(in  g/m* 'hour) 

048- 

0.292 

0.314 

0.340 

0.369 

53.7 

135 

389 

1260 

\ 

_ 1 _ 1 _ 1 _ L  .  n 

,^0.1  20  ^0  60  80  100 
loo 

416 

ggg  Fig.  2.  Vatiation  of  the  potential  of 

1  copper  with  time  during  oxidation  in 

0.350  molar  K2Cr207  solution. 

A)  Potential  (p  (in  v),  B)  time  (in 
minutes) 

As  has  already  been  stated,  the  rate  of  oxidation  of  copper  in  nitric  acid  is  represented  by  the  same 
equation. 
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Consequently,  in  absence  of  complicating  factors  the  oxidation  of  copper  is  determined  by  the  course  of 
its  polarization  curve  and  does  not  depend  bn  the  nature  of  the  cathode  process,  i.  e.,  the  reduction  of  the  oxi¬ 
dizing  agent  on  the  surface  of  the  metal  undergoing  oxidation. 

However,  this  equation  is  not  applicable  to  the  rate  of  oxidation  of  copper  in  concentrated  potassium 
dichromate  solutions.  In  this  case  the  relationship  between  the  increase  of  potential  and  the  change  of  the  rate 
does  not  conform  to  Equation  (1),  the  potential  increasing  much  more  rapidly  than  the  rate.  The  curve  to  some 
extent  resembles  the  polarization  curve  in  the  limiting  diffusion  current  region. 


However,  as  a  more  detailed  consideration  of  the  question  shows,  the 
limiting  current  is  possible  only  in  cathodic  reduction  or  anodic  oxidation 
of  a  substance  present  in  solution,  i.  e,,  if  the  reaction  rate  is  determined  by 
access  of  the  reacting  particles  to  the  electrode  surface.  Limiting  diffusion 
currents  are  not  observed  in  anodic  oxidation  of  solid  electrodes  [2]. 

Deviation  of  the  points  representing  the  oxidation  of  copper  in  strong 
dichromate  solutions  from  linearity  may  be  explained  by  retardation  of  the 
process  by  the  sparingly  soluble  reaction  products  formed  in  the  layer  near 
the  electrode.  Oxidation  of  copper  occurs  in  an  acid  medium,  and  the  process 
is  accompanied  by  expenditure  of  hydrogen  ions: 

3Cu  +  GraOj  -f  14H'  =  3Cu-  +  2Cr’"  +  TH^O. 

Because  of  this,  the  hydrogen  ion  concentration  in  the  layer  near  the 
electrode  decreases,  and  the  pH  therefore  increases.  The  increase  of  pH  is  ' 
the  cause  of  formation  of  sparingly  soluble  substances  such  as  copper  or 
chromium  hydroxides  or  basic  salts. 

The  appearance  of  a  new  (solid)  phase  on  the  electrode  surface  hinders 
access  of  the  oxidizing  agent  to  the  whole  surface  of  the  metal  and  also  re¬ 
moval  of  the  reaction  products  into  the  solution.  The  regions  of  the  specimen 
surface  with  less  deposit  are  dissolved  more  readily.  However,  preferential 
solution  of  any  particular  region  of  the  metal  cannot  continue  for  a  long  time, 
as  insoluble  substances  then  begin  to  accumulate  in  such  regions.  The  next 
to  dissolve  will  be  the  regions  of  the  surface  from  which  the  deposit  has  been 
dissolved  in  fresh  portions  of  acid  from  the  solution.  Therefore  the  retarda¬ 
tion  of  the  reaction  is  not  localized;  different  regions  of  the  specimen  are 
oxidized  depending  on  the  rate  of  formation  and  solution  of  the  deposit.  The 
ultimate  result  is  a  decrease  of  the  total  rate  of  the  process  in  comparison  with  the  rate  which  should  be  found  in 
absence  of  retardation,  i.e.,  if  the  whole  surface  of  the  specimen  was  accessible  to  oxidation.  The  low  value  for 
the  rate  is  obtained  because  it  is  calculated  for  the  measured  (geometrical)  surface  of  the  specimen,  which  in 
this  case  is  greater  than  the  true  surface  accessible  to  oxidation. 

The  reason  for  the  high  value  of  the  copper  potential  is  that  to  the  value  of  the  stationary  potential  corres¬ 
ponding  to  the  anode  current  density  there  is  added  the  concentrational  polarization  potential,  which  arises  as  the 
result  of  accumulation  of  copper  ions  in  the  layer  at  the  electrode,  as  their  diffusion  into  the  solution  is  hindered. 

An  attempt  to  prevent  retardation  by  stirring  the  solution  did  not  give  the  desired  result.  Stirring  of  the 
solution  accelerates  oxidation  of  copper,  but  the  points  for  the  oxidation  of  copper  under  these  conditions  also 
deviate  from  a  straight  line  in  the  direction  of  higher  potentials.  The  explanation  is  that  stirring  Increases  the 
diffusion  rate  of  the  acid  to  the  specimen  surface  and  also  the  diffusion  rate  of  the  oxidizing  agent.  As  a  result 
the  area  of  copper  accessible  to  oxidation  either  does  not  increase  at  all,  or  increases  very  slightly. 

The  retardation  effect  can  be  prevented  completely  only  by  an  increase  of  the  sulfuric  acid  concentration 
in  the  solution.  Increase  of  sulfuric  acid  concentration  increases  the  diffusion  rate  of  hydrogen  ions  only,  i.  e., 
it  favors  rapid  solution  of  the  deposit  or  entirely  prevents  its  formation.  As  a  result  the  whole  or  nearly  the 
whole  surface  becomes  oxidized.  When  copper  is  oxidized  in  dichromate  solutions  with  acid  concentrations 


A 


0.3  0.^  0.5 

Fig.  3.  Variation  of  the  loga¬ 
rithm  of  the  oxidation  rate  of 
copper  with  the  stationary  po¬ 
tential  at  25*. 

A)  Log  V ,  B)  potential  (in 
V). 


higher  than  1  N,  the  experimental  points  lie  on  the  continuation  of  the  linear  region  of  the  curve  (Fig.  3,  shown 
by  crosses). 


To  determine  the  temperature  coefficient,  the  potential  and  oxidation  rate  of  copper  were  measured  at 
35®.  The  results  of  the  determinations  are  given  in  Table  3, 


Fig.  4.  Variation  of  the  Logarithm 
of  the  oxidation  rate  of  copper  with 
the  stationary  potential  at  35®. 

A)  Log  V  ,  B)  potential  ^  (in  v). 


In  view  of  the  distorting  effect  of  low  acidity,  the  experiments 
at  35®  were  carried  out  in  a  solution  of  3  N  acid  concentration  (in 
concentrated  dichromate  solutions).  A  plot  of  the  results  of  these 
determinations,  showing  the  logarithm  of  the  oxidation  rate  as  a 
function  of  the  potential  (Fig.  4),  gives  a  straight  line  with  slope 
factor  0,060,  and  therefore  these  results  can  be  represented  by  the 
same  quantitative  law  as  that  applicable  to  the  solution  of  copper 
in  nitric  acid  at  35°. 

A  temperature  increase  of  10°  has  much  less  influence  on  the 
oxidation  rate  of  copper  in  dichromate  than  on  the  oxidation  rate  in 
nitric  acid.  The  average  value  of  the  temperature  coefficient  of 
reaction  rate  for  oxidation  of  copper  in  dichromate  is  1,40. 

This  value  indicates  that  the  diffusion  of  the  oxidizing  agent 
has  a  significant  influence  on  the  process.  However,  the  oxidation 
of  copper  under  these  conditions  cannot  be  defined  as  being  a  pure 
diffusion  process.  In  this  case  the  process  rate  is  evidently  deter¬ 
mined  simultaneously  by  the  diffusion  rate  of  the  oxidizing  agent 
and  by  the  rate  of  the  electrochemical  reaction  itself,  with  the 
influence  of  the  diffusion  rate  predominant. 

It  may  be  concluded  from  the  foregoing  that  the  oxidation 
rate  of  copper  in  aqueous  potassium  dichromate  —  sulfuric  acid  sol¬ 
utions,  in  absence  of  complicating  factors,  is  quantitatively  repre¬ 
sented  by  the  equation 


(p  =  0.195  +  0.056  log  V. 

To  confirm  that  the  relationship  between  the  logarithm  of  the  oxidation  rate  of  copper  and  the  potential, 
determined  for  the  spontaneous  solution  of  copper  (in  polarization  by  the  solution),  is  represented  by  the  anode 
polarization  curve,  a  study  was  made  of  the  dependence  of  the  oxidation  rate  of  copper  on  a  potential  applied 
by  an  external  source  of  e.m.f. 


TABLE  3 

Oxidation  of  Copper  in  Potassium  Dichromate  Solutions  at  35® 


K|Cr207  concentra- 

Specimei 

Rate  of  so- 

Stationary 

H2SO4  concentra- 

tion  (molar) 

No. 

lution  (in 

potential 

tion  (N) 

g/m*.  hour' 

(in  V) 

0.011 

{ 

1 

2 

62.8 

65.8 

0.290 

0.287 

)  ‘ 

0.045 

{ 

1 

2 

514 

638 

0.330 

0.335 

)  ^ 

0.100 

1 

1387 

0.365 

1 

0.200 

1 

1 

2 

2010 

1880 

0.364 

0.362 

}  ’ 

0.300 

i 

1 

2710 

0.377 

1  3 

\ 

2 

2700 

0.379 

i 
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Fig.  6.  Variation  of  the  logarithm 
of  anode  current  density  with  the 
potential  in  oxidation  of  copper  in 
solutions  of  nitric  acid,  potassium 
dichromate,  and  with  external 
polarization. 

A)  Log  I,  B)  potential  (p  (in  v). 

Oxidation  of  copper  in  solutions  of: 

1)  K^Cx^O^,  2)  HNO3. 

A  medium  in  which  copper  does  not  undergo  spontaneous  solution  to  any  practical  extent  was  used  for  the 
experiments.  2  N  sulfuric  acid  was  used  for  this  purpose. 

The  experimental  results  are  given  in  Table  4;  these  results  were  used  to  plot  the  graph  in  Fig.  6.  Points 
corresponding  to  reproducible  results  are  shown  on  the  graph.  Three  experiments  were  performed  in  all,  with  3 
different  specimens. 


Fig.  5.  Variation  of  the  logarithm 
of  anode  current  density  with  the 
potential  in  polarization  of  copper 
in  2  N  H2SO4  solution  at  25'. 

A)  Log  I,  B)  potential  cp  (in  v). 


TABLE  4 

Polarization  of  Copper  in  2  N  H2SO4  at  25' 


Current  density 
(in  milliamps/ 
cm*) 

Log  current 
density 

Potential  (in  v) 

forward 

direction 

reverse 

direction 

forward 

direction 

3.6 

0.66 

0.277 

0.295 

0.296 

9.1 

0.96 

0.298 

— 

— 

18.2 

1.26 

0.314 

0.326 

0.326 

36.4 

1.56 

0.332 

0.342 

— 

64.6 

1.74 

0.344 

— 

— 

72.8 

1.86 

0.354 

0.361 

0.364 

91.0 

1.96 

0.362 

— 

— 

109 

2.04 

0.369 

0.375 

— 

127.5 

2.11 

0.376 

— 

0.387 

145.5 

2.16 

0.384 

0.388 

— 

163.5 

2.21 

0.392 

— 

0.404 

256 

2.41 

0.427 

0.427 

0.461 
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The  oxidation  rate  of  copper  in  anodic  (external)  polarization  is  also  represented  by  Equation  (1). 

A  plot  of  the  data  on  the  oxidation  of  copper  in  nitric  acid,  potassium  dichromate,  and  under  anode  polar¬ 
ization  gives  a  single  straight  line  (Fig.  6),  represented  by  the  equation 

cp  =  0.255  +  0.056  log  V. 

SUMMARY 

1.  A  study  of  the  oxidation  of  copper  in  aqueous  potassium  dichromate  —  sulfuric  acid  solutions  showed 
that,  in  the  concentration  range  between  0.011  and  0.100  M  dichromate,  the  logarithm  of  the  oxidation  rate  of 
copper  is  a  linear  function  of  the  stationary  potential,  represented  by  the  equation 

(p  =  0.195  +  0.056  log  V, 

2.  At  higher  concentrations  of  dichromate  the  products  of  the  reaction  between  copper  and  dichromate 
exert  a  retarding  effect,  which  distorts  the  linear  relationship  between  log  v  and  <^.  This  retarding  effect  is 
caused  by  formation  of  sparingly  soluble  reaction  products  on  increase  of  pH  in  the  layer  at  the  electrode  as  the 
result  of  the  reaction. 

3.  Formation  of  insoluble  products  cannot  be  prevented  by  stirring  of  the  solution  but  is  eliminated  by 
increase  of  the  solution  acidity. 

4.  The  strong  influence  of  stirring  on  the  oxidation  rate  of  copper,  and  also  the  value  of  the  temperature 
coefficient,  found  to  be  1.40,  indicate  that  the  rate  of  the  process  is  determined  jointly  by  the  diffusion  rate  of 
the  oxidizing  agent  and  by  the  rate  of  the  electrochemical  reaction  on  the  copper  surface. 

5.  A  comparison  of  the  results  of  determinations  of  the  oxidation  rate  of  copper  in  solutions  of  different 
oxidation  —  reduction  potentials  and  under  external  polarization  shows  that  the  same  relationship  holds  between 
the  logarithm  of  the  oxidation  rate  and  the  stationary  potential,  irrespective  of  the  cause  of  polarization  (solu¬ 
tion  of  external  e.m.f.). 
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THE  INFLUENCE  OF  CERTAIN  FACTORS  ON  THE  DECOMPOSITION  KINETICS 
OF  ALUMINATE  SOLUTIONS  AND  ON  THE  CRYSTAL  SIZE  OF  THE  ALUMINUM 

HYDROXIDE  OBTAINED 

S.  I.  Kuznetsov,  O.  V.  Serebrenniko va ,  and  V.  A.  Derevyankin 
The  S.  M.  Kirov  Polytechnic  Institute,  Urals 


The  decomposition  of  aluminate  solutions  is  one  of  the  most  important  operations  in  the  Bayer  process, 
on  which  the  quality  and  yield  of  the  alumina  produced  greatly  depends.  Unfortunately,  not  enough  attention 
has  hitherto  been  devoted  to  studies  of  the  decomposition  process. 

Most  of  the  investigations  have  been  carried  out  with  the  object  of  determining  the  influence  of  various 
factors  on  this  process  [1-5,  etc.].  This  trend  of  the  investigations  was  dictated  by  the  requirements  of  industry, 
where  it  was  primarily  necessary  to  establish  the  optimum  technological  conditions.  In  addition,  attempts  were 
made  to  use  these  investigations  to  elucidate  the  nature  of  the  process.  However,  the  number  of  different  fac¬ 
tors  influencing  the  process  as  a  whole  was  so  great  that  the  problem  of  studying  its  nature  remained  outside  the 
range  of  attention  of  most  workers. 

The  influence  of  various  factors  on  the  decomposition  process  was  largely  studied  under  dissimilar  condi¬ 
tions.  The  process  regimes  were  also  extremely  diverse.  Serious  difficulties  therefore  arise  in  interpretation 
of  the  results  of  these  investigations. 

In  many  research  studies  most  attention  was  devoted  to  the  influence  of  various  factors  on  the  decomposi¬ 
tion  kinetics,  while  their  influence  on  the  particle  size  composition  of  the  resultant  hydroxide  was  studied  rather 
superficially. 

A  very  significant  fact  is  that  a  great  deal  of  attention  was  paid  to  studies  of  the  decomposition  process 
at  constant  temperature,  and  studies  of  the  process  under  conditions  of  gradual  temperature  decrease,  as  in  the 
manufacturing  process,  have  been  quite  inadequate. 

In  view  of  the  defects  of  these  investigations,  our  primary  object  was  to  carry  out  a  systematic  study  of 
the  influence  of  the  most  important  factors  -  the  temperature  conditions,  concentration  and  caustic  ratio*  of 
the  aluminate  solution,  seed  ratio  *  •  —  on  the  decomposition  kinetics  and  particle  size  composition  of  the 
aluminum  hydroxide  formed.  This  investigation  comprises  the  first  stage  in  a  study  of  the  decomposition  of 
aluminate  solutions. 


EXPERIMENTAL 

The  limits  within  which  the  various  factors  were  varied  in  our  experiments  were  similar  to  those  found  in 
production  conditions.  Thus,  the  AI2O3  content  of  the  solutions  was  varied  between  93  and  134  g/  liter,  and  the 
caustic  ratio  between  1.53  and  1.88.  All  the  experiments  were  performed  in  three,  sets  of  temperature  conditions: 
in  the  first,  the  temperature  was  lowered  from  61  to  40",  in  the  second,  from  73  to  55",  and  in  the  third,  from  75 
to  55*.  The  temperature  variations  in  these  regimes  are  shown  in  Fig.  1. 

As  the  influence  of  the  amount  of  seed  on  the  decomposition  process  is  the  question  which  has  been 
studied  least,  we  used  a  wider  range  of  seed  ratios,  from  0.1  to  1.4,  in  our  experiments.  We  did  not  consider 
it  necessary  to  study  the  decomposition  process  at  high  seed  ratios,  as  this  had  partly  been  done  earlier  by 

*  “caust  "  ^^z^caus/ 

•  *  Ratio  of  AI2O3  in  the  seed  to  AI2O3  in  the  solution. 
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Wrigge  and  Ginsberg  [4],  and,  moreover,  in  our  opinion 
the  use  of  large  amounts  of  seed  in  the  production  process 
is  unpromising.  It  is  preferable  to  seek  ways  of  lowering 
the  seed  ratio. 

The  seed  used  in  all  the  experiments  was  aluminum 
hydroxide  obtained  under  production  conditions  at  one  of 
the  aluminum  factories,  and  having  the  following  particle 
size  composition: 

Particle  size  (in  p  ).  .  .  —  20  —30  —52  —62  -74 
Contents  (<7o) .  8  32  4Eu5  69  84 

The  aluminate  solutions  used  for  the  decomposi¬ 
tion  were  prepared  by  dissolving  grade  Aqo  aluminum. 

Mixtures  of  the  original  aluminate  solutions  with 
the  hydroxide  seed  were  placed  into  100  ml  flasks  or  steel 
autoclaves  250  ml  in  capacity.  The  flasks  and  autoclaves 
were  placed  in  air  agitation  thermostats.  The  thermostats 
were  internally  fitted  with  steel  frames  rotating  on  ball 
bearings,  used  for  fixing  the  flasks  and  autoclaves.  The 
seeded  aluminate  solutions  were  agitated  by  "overhead" 
rotation  of  the  flasks  and  autoclaves.  The  rotation  rates 
were  12  and  28  revolutions /minute. 

The  original  and  final  aluminate  solutions  were  analyzed  by  the  usual  volumetric  method  [6]. 

Samples  were  taken  for  analysis  5,  24,  48,  72,  and  96  hours  after  the  start  of  decomposition.  In  some 
instances  samples  were  taken  after  5,  15,  25,  36,  60  and  100  hours. 

Particle  size  analysis  of  the  aluminum  hydroxide  was  carried  out  by  Figurovsky's  method,  the  applicability 
of  which  to  analysis  of  crystal  size  of  aluminum  hydroxide  was  demonstrated  by  Lainer  and  Brovman  [3], 

The  experimental  results  were  used  for  plotting  a  number  of  graphs  representing  the  effects  of  various  fac¬ 
tors  on  the  decomposition  kinetics  of  aluminate  solutions. 


A 


Fig.  1.  Decomposition  temperature  regime 
curves. 

A)  Temperature(°C),  B)  duration  of  decom¬ 
position  (hours). 

Temperature  regimes  (°C):  1)  61-40,  2) 
73-55,  3)  75-55. 


Fig.  2.  Decomposition  kinetics  of  aluminate  solutions  over  different  temperature 
ranges. 

A)  Degree  of  decomposition  of  the  solution  (in  %),  B)  duration  of  decomposition 
(hours). 

Composition  of  solution  (in  g/ liter);  I)  Na20jQ^^j  =  57.5-90,  AI2O3  =  92.5-93.5, 
acaust  =  1-535  H)  Na20^o^^l  =  107-110,  AI2O3  =  96-97,  =  1.72-1.76. 

Temperature  regime  and  caustic  ratio,  respectively;  1)  57-40", 1.4;  2)61-40®, 
0.1;  3)  73-55®,  1.4;  4)  73  -  55®,  0.1. 
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The  influence  of  the  temperature  regime  is  shown  in  Fig.  2.  According  to  Fig.  2,  the  decomposition 
rate  at  the  beginning  of  the  process  is  practically  independent  of  the  temperature  at  all  the  seed  ratios  studied. 

It  must  be  pointed  out,  however,  that  with  increase  of  the  caustic  ratio  (from  1.53  to  1.80)  increase  of  the  ini¬ 
tial  and  average  temperature  results  in  some  acceleration  of  the  decomposition  at  the  initial  stage;  this  is 
especially  prominent  at  low  seed  ratios.  This  fact,  here  noted  for  the  first  time,  is  of  definite  interest  for  inter¬ 
pretation  of  the  decomposition  process. 

As  regards  the  final  stage  of  decomposition,  it  is  quite  evident  that  increase  of  the  average  temperature 
causes  a  considerable  decrease  of  the  decomposition  rate  and  of  the  final  degree  of  decomposition  of  the  alumin- 
ate  solution. 

The  investigations  of  the  influence  of  concentration  and  caustic  ratio  of  the  original  solution  on  the  de¬ 
composition  rate  confirmed  earlier  findings  [7]. 

The  influence  of  the  caustic  ratio  on  the  decomposition  kinetics  is  greater  at  low  than  at  high  seed  ratios. 
The  influence  of  caustic  ratio  on  the  decomposition  rate  decreases  with  increase  of  the  average  solution  tem¬ 
perature.  With  large  amounts  of  seed  the  rate  at  the  initial  period  of  decomposition  does  not  depend  on  the 
caustic  ratio  of  the  original  solution. 

The  effects  ofthe  amount  of  seed  on  the  decomposition  kinetics  are  illustrated  by  Fig.  3.  These  curves  for 
the  decomposition  kinetics  show  that  increase  of  the  seed  ratio  accelerates  the  process.  The  increase  of  the 
decomposition  rate  is  most  prominent  when  the  seed  ratio  is  increased  from  0.1  to  0.5. 


Fig.  4.  Decomposition  kinetics  of  alu- 
minate  solutions  of  different  concentra¬ 
tions,  over  different  temperature  ranges. 
Composition  of  solution  (in  g/ liter);  1, 

3)  =  87.  AI2O3  =  79,  = 

1.82,  t  =  73-55”;  2,  4)  NagO^Q^^l  =  130, 

AI2O3  =  114.5,  =  1.88,  t  =  61-40”. 

Seed  ratios;  1)  1.0,  2,  3,  4)  0.5. 

No  induction  period  is  found  on  any  of  the  curves  for  the  decomposition  kinetics  at  high  seed  ratios.  This 
is  not  accidental,  since  the  aluminum  hydroxide  used  in  our  experiments  was  made  under  industrial  conditions 
.  and  had  fairly  high  activity.  At  a  seed  ratio  of  0.1  induction  periods  are  found  on  all  the  curves;  the  duration 
depends  on  the  caustic  ratio,  the  concentration  of  the  original  solution,  and  the  initial  decomposition  tempera¬ 
ture.  The  previously  noted  small  increase  of  the  rate  with  increase  of  temperature  during  the  initial  decomposi¬ 
tion  period  is  largely  the  consequence  of  the  decreased  induction  period.  This  fact  has  been  observed  for  the 
first  time,  and  is  of  undoubted  interest  in  relation  to  tlie  nature  of  the  decomposition  process. 


Fig.  3.  Decomposition  kinetics  of  aluminate 
solution;  NagO^-Q^^j  =  llOg/ liter,  AI2O3  =96 
g/liter,acaust~^’®®’ temperature  range 
61-40”  at  various  seed  ratios. 

A)  Degree  of  decomposition  of  the  solution 
(in  °Jo),  B)  duration  of  decomposition  (hours). 
Seed  ratios;  1)  1,4,  2)  1.0,  3)  0.5,  4)  0.1. 


We  carried  out  some  isolated  experiments  which  show  that  at  seed  ratios  of  0.05-0.005  an  induction 
period  is  also  found,  and  its  duration  increases  with  decrease  of  the  seed  ratio. 

Our  experimental  data  lead  to  certain  conclusions  concerning  the  combined  influence  of  certain  factors 
on  the  decomposition  kinetics. 

Increase  of  the  seed  ratio  with  simultaneous  decrease  of  the  concentration  of  the  original  aluminate  sol¬ 
ution  produces  a  larger  increase  of  the  decomposition  rate  than  do  changes  of  either  of  these  factors  separately. 
The  combined  influence  of  these  factors  is  equivalent  to  a  decrease  of  the  caustic  ratio  of  the  original  solution 
which,  as  we  have  seen,  produces  a  considerable  increase  of  the  decomposition  rate.  For  example,  an  aluminate 
solution  containing  91.5  g/  liter  NagO^^^j,  92.0  g/  liter  AI2O3,  with  a^aust  ~  ^ 

a  solution  containing  133.0  g/  liter  Na20totai,  134.5  g/ liter  AI2O3,  with  a^^^ust  “  ^  1.0-0.5, 

both  decompose  at  the  same  initial  rate. 

A  simultaneous  increase  of  the  seed  ratio  and  the  average  solution  temperature  produces  some  increase  of 
the  initial  rate  of  decomposition.  This  is  especially  prominent  at  high  caustic  ratios  and  high  original  solution 
concentrations. 

Decrease  of  the  original  solution  concentration  with  a  simultaneous  increase  of  temperature  produces  an 
appreciable  increase  of  the  initial  rate  of  decomposition  (Fig.  4).  This  fact  is  used  in  the  alumina  industry 
abroad. 

A  large  increase  of  the  decomposition  rate  can  be  produced  by  a  simultaneous  decrease  of  the  caustic 
ratio  and  increase  of  the  seed  ratio. 

The  measurements  of  the  particle  size  composition  of  the  aluminum  hydroxide  formed  in  decomposition 
under  various  conditions  confirmed  earlier  findings  [7], 

The  data  obtained  on  the  influence  of  various  factors  on  the  decompostion  kinetics  of  aluminate  solutions 
augment  the  information  available  in  the  literature  and  thereby  provide  a  deeper  insight  into  the  process. 

SUMMARY 

1.  A  study  has  been  made  of  the  influence  of  the  most  important  factors  —  temperature  regime,  concen¬ 
tration  and  caustic  ratio  of  the  aluminate  solution,  amount  of  seed  —  on  the  decomposition  kinetics  and  the 
particle  size  composition  of  aluminum  hydroxide. 

2.  It  has  been  shown  for  the  first  time  that  an  induction  period  occurs  at  low  seed  ratios,  even  with  the 
use  of  activated  seed.  The  duration  of  the  induction  period  increases  with  decreasing  amount  of  seed. 

3.  Aluminate  solutions  do  not  decompose  when  agitated  without  seeding  under  the  same  conditions;  this 
is  evidence  of  the  small  probability  of  spontaneous  formation  of  hydrargillite  in  the  decomposition  process. 
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NATURE  OF  THE  VARIATIONS  OF  CERTAIN  PROPERTIES  OF 
ALUMINATE  SOLUTIONS  IN  THE  DECOMPOSITION  PROCESS 


S.  I.  Kuznetsov,  L.  N.  Antipin,  and  S.  F.  Vazhenin 


In  the  course  of  a  study  of  the  influence  of  various  factors  on  the  decomposition  kinetics  of  aluminate 
solutions  and  the  particle  size  composition  of  the  aluminum  hydroxide  formed  [1]  attention  was  also  paid  to  the 
nature  of  the  changes  of  separate  properties  of  the  solutions;  density,  viscosity,  specific  conductance,  surface 
tension,  and  degree  of  supersaturation  during  decomposition.  This  question  is  of  great  importance  in  relation 
to  the  nature  of  the  decomposition  process. 

The  solution  densities  were  determined  pycnometrically,  and  viscosities  with  the  aid  of  Ostwald  viscosi¬ 
meters. 

The  Kohlrausch  bridge  was  used  for  the  conductance  determinations.  Surface  tension  was  measured  with 
the  Rebinder  apparatus. 

Variations  of  these  properties  of  aluminate  solutions  were  studied  under  different  decomposition  conditions. 

The  most  typical  of  the  results  obtained  are  shown  in  Figs.  1-3.  For  comparison,  curves  for  the  variations 
of  these  properties  at  a  constant  temperature  of  30“  are  also  given  in  these  figures. 

It  follows  from  these  figures  that  the  density  of  aluminate  solutions  decreases  slightly  in  the  course  of 
decomposition,  most  of  the  decrease  taking  place  at  the  initial  stages.  5-10  hours  after  the  start  of  the  process 
the  density  becomes  constant.  This  type  of  density  variation  is  found  under  different  decomposition  conditions. 

The  viscosity  of  aluminate  solutions  increases  somewhat  during  decomposition.  The  increase  is  most 
appreciable  at  the  start  of  the  process.  After  about  the  second  day  the  viscosity  Increases  exceedingly  slowly. 

It  must  be  pointed  out  that  at  a  seed  ratio  of  0.1  the  viscosity  remains  almost  unchanged  at  the  start  of  the 
process,  since  aluminate  solutions  do  not  decompose  during  this  time  [1].  At  the  end  of  the  induction  period  the 
viscosity  curves  follow  die  same  course  as  at  higher  seed  ratios.  Variations  of  the  caustic  ratio  and  concentra¬ 
tion  of  the  original  aluminate  solution,  and  of  its  average  temperature,  have  little  effect  on  the  nature  of  the 
viscosity  —  time  curves. 

The  curves  for  the  variation  of  specific  conductance  during  decomposition  are  of  a  similar  character. 

At  the  beginning  of  the  process  the  most  appreciable  Increase  of  specific  conductance  occurs  at  high  seed 
ratios,  low  caustic  ratios,  and  high  initial  solution  concentrations.  At  a  seed  ratio  of  0.1  the  specific  conduct¬ 
ance  remains  constant  during  the  initial  period  and  increases  very  little  throughout  the  decomposition. 

The  surface  tension  of  aluminate  solutions  decreases  by  about  10  ergs/  cm*  during  the  decomposition,  the 
greatest  decrease  occurring  at  the  start  of  the  process. 

In  our  view,  the  most  interesting  conclusion  to  be  drawn  from  this  part  of  the  investigation  is  that  the  pro¬ 
perties  in  question  —  density,  viscosity,  specific  conductance,  and  surface  tension  of  aluminate  solutions  -  change 
very  little  in  the  course  of  decomposition.  Apart  from  the  brief  initial  period,  these  properties  could  without 
error  be  assumed  constant  over  the  entire  decomposition  process.  This  result  is  of  practical  and  theoretical  sig¬ 
nificance. 
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Fig.  1.  Variation  of  density  and 
surface  tension  of  aluminate  solu¬ 
tions  in  the  course  of  decomposi¬ 
tion. 

A)  Density  (in  g/  cc),  B)  surface 
tension  (in  ergs/  cra^),  C)  dura¬ 
tion  of  decomposition  (hours). 

I,  III)  Original  solution;  1) 

N^zOtotal  =  ^29.5  g/  Uter,  = 

=1.6,  temperature  regime  61-40°, 
seed  ratio  1.0;  2)  =  91.5 

g/  liter,  the  rest  as  before;  3)  as  1, 
temperature  regime  73-55°;  II,  IV) 
original  solution;  Na20^Qj.^j  =  130 
g/  liter,  tttotal  “  1*®*  temperature 
30°,  seed  ratio  1.0. 

The  fact  that  the  specific  conductance  of  alumi¬ 
nate  solutions  in  the  course  of  decomposition  is  practi¬ 
cally  constant  will  make  it  possible  in  the  future  to 
control  the  cooling  of  the  decomposition  tanks  auto¬ 
matically. 


Fig.  2.  Variation  of  viscosity  of  alumi¬ 
nate  solutions  in  the  course  of  decom¬ 
position. 

A)  Viscosity  (in  centipoises),  B)  dura¬ 
tion  of  decomposition  (hours).  I)  Ori¬ 
ginal  solution;  1)  Na20^Q,^j  =  129.5 
g/ liter,  tttotal  temperature  re¬ 
gime  61-40°,  seed  ratio  1.0;  2)  as  1, 
temperature  regime  73-55°;  II)  ori¬ 
ginal  solution:  1)  Na20jQ,^j  =  129.5 
g/ liter,  tttotal  “  temperature  re¬ 
gime  61-40°,  seed  ratio  1.0;  2) 
Na20total  "  g/ liter,  Al2O3=82.0 
g/  liter,  the  rest  as  in  1;  3)  the  same, 
seed  ratio  0.1;  III)  original  solution: 

1)  Na20total  =  129.5  g/  liter,  atotar 
1.6,  temperature  regime  61— 40° .seed 
ratio  1.0;  2)  =  130  g/  liter, 

a  ,  =  1.88,  the  rest  as  before;  3)  as 
total 

2,  seed  ratio  0.1;  IV)  original  solution; 
N^zOtotal  =  130  g/ liter,  ctiotal  =  I*®* 
temperature  30°,  seed  ratio  1.0. 


Because  of  the  very  small  variation  of  viscosity 

in  the  course  of  decomposition,  it  may  be  assumed  constant  in  calculations  of  the  rate  of  hydrargilUte  crystal 
growth,  which  greatly  simplifies  these  calculations. 


The  cause  of  the  practical  constancy  of  these  properties  of  aluminate  solutions  with  time  is  the  simul¬ 
taneous  action  of  two  opposing  factors;  temperature  and  degree  of  decomposition  of  the  solutions.  Decomposition 
of  the  solutions,  with  other  conditions  equal,  leads  to  a  decrease  of  density,  viscosity,  and  surface  tension,  and 
an  increase  of  specific  conductance  (see  the  curves  for  the  variations  of  these  properties  at  constant  temperature 
in  Figs.  1-3).  Decrease  of  temperature  during  decomposition  produces  the  opposite  effects  on  these  properties. 
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In  tlie  initial  period  of  decomposition,  decrease  of  temperature  has  the  predominant  effect  on  the  viscosity, 
while  the  degree  of  decomposition  of  the  solution  predominantly  influences  the  density,  specific  conductance, 
and  surface  tension.  By  the  end  of  the  first  day  the  influence  of  the  two  factors  is  practically  balanced. 
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Fig.  3.  Variation  of  the  specific  conduc¬ 
tance  of  aluminate  solutions  in  the  course 
of  decomposition, 

A)  Specific  conductance  (in  ohm'^cm"^), 

B)  duration  of  decomposition  (hours). 

Designations  of  the  curves  as  in  Fig.  2, 

A  comparison  of  the  variations  of  the  properties 
of  aluminate  solutions  and  their  degree  of  decomposi¬ 
tion  at  constant  temperature  shows  that  they  follow  a 
strictly  parallel  course. 

The  variations  of  the  degree  of  supersaturation 
of  aluminate  solutions  in  the  course  of  decomposition 
are  shown  in  Figs.  4  and  5.  The  degree  of  supersatura¬ 
tion  was  calculated  by  the  formula 

“equil 

TJ  =  'S -  ’ 

“original 

where  r\  is  the  degree  of  supersaturation,  is 

the  caustic  ratio  of  the  aluminate  solution  after  a 
definite  interval  from  the  start  of  decomposition,  and 
otequil  Caustic  ratio  of  the  equilibrium  solution 
corresponding  to  the  given  temperature  and  concentra¬ 
tion. 


Fig.  4.  Variation  of  the  degree  of  super-- 
duration  of  aluminate  solutions  in  the 
course  of  decomposition  under  various 
technological  conditions. 

A)  Degree  of  supersaturation,  B)  dura¬ 
tion  of  decomposition  (hours).  I)  Origt- 
nal  solution:  1)  =  130  g/  liter, 

“total  ”  temperature  regime  61—40®, 
seed  ratio  0.1;  2),  the  same,  seed  ratio 
1.4;  3)  as  1,  temperature  regime  73-55®; 
4)  as  in  3,  seed  ratio  1.4;  II)  original 
solution;  1)  NagOjQjgj  =  130  g/ liter, 
“total  “  temperature  regime  61-40®, 

seed  ratio  0.1;  2)  as  1,  seed  ratio  1.4; 

3)  as  1,  temperature  regime  75-55®;  4) 
as  3,  seed  ratio  1.4;  III)  original  solu¬ 
tion:  1)  NagOjojaj  =  110  g/  Uter,  a^Qtal  = 
1.6,  temperature  regime  61-40®,  seed 
ratio  0.1;  2)  as  1,  seed  ratio  1,4;  3)  as 
2,  atotal  =  1*89;  4)  as  3,  seed  ratio  0,1; 
IV)  original  solution;  1)  Na20(Qtal  “  ^80 
g/ liter,  =  1.6,  temperature  regime 

61-40®,  seed  ratio  0.1;  2)  as  1,  seed  ratio 
1,4;  3)  the  same  as  in  1,  NagOjQ^al  ~ 
g/  liter;  4)  as  3,  seed  ratio  1.4. 
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Fig.  5.  The  same  as  Fig.  4. 

Above  —  original  solution: 
i)  N^2®tDtal  ~ 

1.88,  t  =  61-40°,  seed  ratio  0.1;  2)  as 
1,  seed  ratio  1.4;  3)  Na20^j.^2  =  110 
g/ liter,  tttotal  “ 

4)  as  3,  seed  ratio  1.4;  Below  —  original 
solution;  1)  NagOtotal  “  g/ liter, 

atotal  =  1.60,  seed  ratio  0.1;  2) 
Na20tiQtal  ~  1^^  g/ liter,  -  1.88, 

seed  ratio  0.1;  3  and  4)  as  1  and  2,  but 
seed  ratio  1.4. 


The  values  of  aequil  calculated  with  the  aid 
of  the  polytherms  for  the  system  Al203-Wa20~H20  obtained 
by  Volf  and  Kuznetsov  [2]. 

According  to  Figs.  4  and  5,  the  degree  of  supersatura¬ 
tion  of  aluminate  solutions  decreases  appreciably  in  the 
course  of  decomposition.  The  nature  of  the  variation  of 
the  degree  of  supersaturation  depends  considerably  on  the 
technological  conditions.  The  influence  of  the  technolo¬ 
gical  conditions  is  most  pronounced  at  the  low  seed  ratio 
of  0.1.  Under  some  conditions,  the  degree  of  supersatura- 
don  decreases  continuously,  and  under  others,  it  increases 
at  first  and  then  falls  slowly.  The  latter  type  of  variation 
is  characteristic  for  high  concentrations  and  caustic  ratios 
in  the  original  solutions,  and  also  for  low  average  tempera¬ 
tures  of  decomposition. 

At  high  seed  ratios  the  degree  of  supersaturation  de¬ 
creases  in  all  cases.  The  greatest  decrease  occurs  in  the 
initial  stages  of  the  process.  After  about  24  hours  the  de¬ 
gree  of  supersaturation  becomes  practically  constant.  At 
higher  average  temperature  this  constant  level  is  reached 
earlier,  5-10  hours  from  the  start  of  the  operation. 

Calculations  show  that  under  industrial  conditions 
the  degree  of  supersaturation  becomes  constant  after  about 
10  hours. 

The  value  of  this  fact  is  that  it  simplifies  calculations 
of  the  growth  rate  of  hydrargillite  crystals. 


The  degree  of  supersaturation  decreases  much  more 

during  decomposition  at  constant  temperature  (Fig.  5)  than  during  a  gradual  decrease  of  temperature;  appreciable 
decreases  occur  throughout  the  decomposition.  Therefore  a  gradual  decrease  of  temperature  during  decomposi¬ 
tion  retards  the  decrease  of  the  degree  of  supersaturation. 


The  nature  of  the  variation  of  the  degree  of  supersaturation  of  aluminate  solutions  in  the  course  of  decom¬ 
position  is  determined  by  the  relative  rates  of  the  decomposition  of  the  solution  and  of  the  decrease  of  tempera¬ 
ture.  At  high  seed  ratios  the  decomposition  rate  at  the  start  of  the  process  exceeds  the  rate  of  temperature 
decrease.  The  degree  of  supersaturation  therefore  decreases.  After  5-24  hours  these  rates  become  approximately 
equalized,  and  the  degree  of  supersaturation  therefore  becomes  constant. 

Under  certain  conditions,  aluminate  solutions  with  seed  ratio  0.1  do  not  decompose  in  the  course  of  about 
the  first  five  hours  [1].  In  such  cases  there  is  some  increase  of  the  degree  of  supersaturation  owing  to  decrease  of 
the  solution  temperature.  After  decomposition  has  commenced,  the  degree  of  supersaturation  always  decreases. 
The  rate  of  decrease  depends  on  the  technological  conditions,  which  exert  a  considerable  influence  on  the  ratio 
of  the  rates  of  decomposition  and  temperature  decrease.  The  caustic  ratio  of  the  original  solution  has  the 
greatest  influence:  the  degree  of  supersaturation  falls  much  more  rapidly  at  low  than  at  high  caustic  ratios. 


Examination  of  the  data  in  Figs.  4  and  5  reveals  the  following  interesting  fact.  At  high  seed  ratios  the 
degree  of  supersaturation  remains  relatively  low  throughout  the  decomposition.  In  the  61-40°  temperature  range 
it  does  not  exceed  1.5,  and  in  the  73-55°  range  it  does  not  exceed  1.2.  The  degree  of  supersaturation  with  res¬ 
pect  to  the  smallest  crystals  is  still  less,  and  is  probably  only  slightly  above  unity.  In  such  conditions  spontaneous 
formation  of  hydrargillite  nuclei  is  difficult. 


SUMMARY 

1.  The  nature  of  variations  of  density,  viscosity,  specific  conductance,  surface  tension,  and  degree  of 
supersaturation  of  aluminate  solutions  in  the  course  of  decomposition  under  various  technological  conditions  is 
described. 
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2.  It  has  been  found  that  these  properties  change  very  little  in  the  course  of  decomposition.  Apart  from 
the  initial  period,  they  may  be  taken  as  constant  throughout  the  process. 
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EFFICIENCY  OF  THE  ABSORPTION  OF  GASES  OF  DIFFERENT  SOLUBILITIES 
BY  THE  BUBBLING  AND  FOAM  METHODS 

M.  E.  Pozin  and  B.  A,  Kopylev 
The  Lensoviet  Technological  Institute,  Leningrad 

The  extensive  literature  on  absorption  of  gases  by  liquids  is  devoted  mainly  to  studies  of  the  rate  of  this 
process.  Relatively  little  attention  has  been  paid  to  another  important  question  -  the  extent  of  the  interaction 
between  the  gas  and  the  liquid  or,  which  is  the  same  thing,  the  degree  of  utilization  of  the  reagents  in  the  ab¬ 
sorption  process. 

Nevertheless,  the  efficiency  of  absorption  depends  not  only  on  its  rate  but  also  on  the  degree  of  utilization 
of  the  reagents. 

It  is  considered  that  at  certain  values  of  the  absorption  coefficient,  corresponding  to  definite  hydrodynamic 
conditions,  the  required  degree  of  treatment  of  the  gas  by  the  liquid  or  the  liquid  by  the  gas  can  be  attained  by 
correct  choice  of  the  equipment  dimensions  (for  example,  of  a  packed  tower). 

In  other  cases,  for  example  in  bubbling  or  foam  [1]  absorption,  it  is  preferred  to  characterize  the  process 
mainly  by  the  efficiency  of  the  plate  (an  element  of  the  apparatus)  or  the  whole  apparatus. 


However,  these  quantities  (absorption  coefficient  and  efficiency)  are  interrelated  and  mutually  determined 
by  the  combination  of  conditions  which  characterize  the  absorption  process  -  solubility  of  the  gas,  the  duration 
of  contact  between  the  reagents,  flow  rates,  etc.  The  hydrodynamical  process  conditions  determine  the  value  of 
the  absorption  coefficient.  The  extent  of  interaction  of  the  gas  and  the  liquid,  on  the  other  hand,  is  determined 
not  only  by  the  absorption  coefficient  and  the  solubility  of  the  gas,  but  also  by  the  duration  of  its  contact  with 
the  liquid. 

It  is  quite  evident  that  any  evaluation  of  the  process  either  by  its  rate  or  by  the  degree  of  utilization  of 
the  reagents  is  incomplete.  The  first  does  not  directly  reflect  the  degree  of  conversion  of  the  material,  while 
the  second  does  not  take  quantitative  account  of  the  rate  of  the  process. 

It  was  shown  in  the  preceding  communication  [2]  that  it  is  possible  to  combine  the  relationships  deter¬ 
mining  the  efficiency  of  the  equipment,  or  the  degree  of  completion  of  the  process  taking  place  in  it,  and  the 
rate  coefficient  of  the  process.  Analysis  of  this  generalized  relationship  readily  gives  the  optimum  conditions 
for  the  highest  efficiency  of  the  equipment.  In  the  present  paper  this  method  Is  used  for  establishing  the  influ¬ 
ence  of  the  solubility  of  a  gas  in  a  liquid  and  the  duration  of  phase  contact,  or  the  linear  velocity  of  the  gas,  on 
the  coefficient  of  absorption  of  the  gas  on  a  plate  under  bubbling  or  foam  conditions,  and  on  the  degree  of  ab¬ 
sorption  of  the  gas. 

The  efficiency  ij  is  a  very  important  quantity  which  represents  the  degree  of  approach  to  equilibrium 
under  the  given  conditions}  it  is  defined  as  the  ratio  of  the  amount  actually  absorbed  to  the  amount  of  substance 
which  could  be  absorbed  at  equilibrium. 

The  plate  efficiency  calculated  for  the  gas  phase  in  crossflow  [2,  3]  is 


V 


,  yj  -  Yf 
~  ^av.eq 


(1) 
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TJl  = 


where  yj,  and  y^^  are  the  concentrations  of  the  absorbed  component  in  the  gas  —  initial,  final,  and  equi¬ 
librium  with  the  average  concentration  of  the  component  in  the  liquid. 

Analogously  for  the  liquid  phase  under  the  same  conditions 

(2) 

t 

^av.  eq  ^i 

where  Xf,  and  x^^  are  the  concentrations  of  the  absorbed  component  in  the  liquid  —  final,  initial,  and 
equilibrium  with  the  average  concentration  of  the  component  in  the  gas. 

In  many  cases  it  is  possible  to  use,  instead  of  t],  another  convenient  process  parameter  —  the  degree  of 
absorption  rj': 


V  = 


'f 


Xi 


(3) 


and  instead  of  the  degree  of  saturation  of  the  absorbent  t?'j 


av.eq 


(4) 


The  efficiency,  like  the  degree  of  absorption  and  the  degree  of  saturation  of  the  absorbent,  is  a  function 
of  many  variables  which  influence  the  degree  to  which  the  equilibrium  is  approached  in  actual  mass  transfer 
conditions: 


V  =  f  [Wg,  Wj,  K,  H,  a,  (p.  p.  .  .  .  )  p  (P.  M.  •  •  •  )g-  G,  .  .  .  ],  (5) 

where  w  and  Wj  are  the  linear  velocities  of  the  gas  and  liquid  streams;  K  is  the  coefficient  of  absorption;  H  is 
the  height  of  the  gas  —  liquid  layer  in  bubbling  or  foam  absorption;  (p ,  p ,  .  .  .  and  (p ,  p ,  .  .  .  )g  represent 
the  physical  properties  of  the  liquid  and  the  gas  —  the  density,  viscosity,  etc,;  o  is  the  surface  tension;  G  re¬ 
presents  the  geometrical  parameters  of  the  plate. 

It  is  a  very  complex  matter  to  take  all  these  factors  into  account  and  the  efficiency  is  usually  determined 
experimentally.  This  omits  any  rigid  considerations  of  the  nature  of  the  variations  of  efficiency  according  to  the 
different  conditions. 

There  are  relatively  few  reports  of  investigations  of  the  influence  of  factors  determining  absorption  or 
extraction  processes  on  the  separation  coefficient.  These  deal  mainly  with  the  dependence  of  the  efficiency  on 
the  number  of  plates  in  the  tower,  on  the  assumption  that  equilibrium  between  the  gas  and  the  liquid  is  attained 
at  each  plate.  For  example,  Kremser  [4]  derived  a  formula  connecting  absorption  efficiency  with  the  number 
of  plates  in  relation  to  the  slope  of  the  operating  line  of  the  process.  Evans  [5]  gave  an  equation  for  the  minimum 
concentration  reached  for  one  of  the  components  in  direct  flow  extraction,  Sherwood  [6]  used  Kremser’s  data  to 
derive  a  relationship  between  absorption  efficiency  and  the  ratio  of  liquid  rate  to  the  gas  rate  (termed  the 
"absorption  factor")  for  different  numbers  of  plates.  Tiller  [7]  analyzed  the  variation  of  absorption  efficiency  as 
a  function  of  the  "absorption  factor." 

Kesatkin  [8]  gave  examples  of  the  qualitative  dependence  of  the  efficiency  of  a  bubble  cap  plate  in  a 
rectification  column  on  the  principal  hydrodynamic  factors  —  the  vapor  velocity  in  the  open  section  of  the 
column,  its  velocity  in  the  bubble  cap  slots,  the  depth  of  immersion  of  the  slots  into  the  liquid,  and  the  distance 
between  the  plates.  Agarev  and  Shabalin  [9],  who  studied  the  rate  of  absorption  in'  mass  bubbling  conditions, 
established  a  relationship  between  efficiency  and  absorption  coefficient. 

An  approximate  equation  was  derived  earlier  for  crossflow  [2,  3],  for  determining  the  efficience  as  a  func¬ 
tion  of  the  absorption  coefficient  and  the  gas  rate: 

2K 

(6) 
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where  tj  is  the  plate  (or  tray)  efficiency  with  respect  to  the  gas  (as  a  fraction  of  unity);  K  is  the  total  absorption 
coefficient  per  1  of  gas  stream  (plate)  cross  section  with  a  motive  force  expressed  in  units  of  gas  phase  con¬ 
centration  (in  m/hour  or  kg/m**  hour -kg/ m*);  w  is  the  linear  velocity  of  the  inert  (unabsorbed)  component  of 
the  gas  (in  m/hour),  numerically  equal  to  its  flow  rate  per  1  m*  of  plate  surface  (in  m*/m*^hour). 

To  use  this  equation  for  determination  of  17  or  K  it  is  necessary  to  know  the  experimentally  established 
relationship  between  K  and  w  or  rj  and  w* 

We  shall  now  show  that  the  order  of  magnitude  of  tj  is  mainly  determined  only  by  the  solubiUty  of  the  gas 
in  the  absorbent. 


0  0.1  02  B3  OA  0.5  ®  0  0.1  0.2  Q3  Qi  0.5  0.6  0.7  aS  M  1.0 


Fig.  1.  Efficiencies  of  absorption  of  ammonia  by  water  (a)  and 
carbon  dioxide  by  water  (b)  for  different  phase-contact  times. 

A)  Efficiency  tj,  B)  time  t  (seconds). 

Depth  of  bubbling  layer  (in  mm):  1  —  50,  2  —  100,  3  —  150,  4—  200, 

If  we  regard  the  absorption  of  a  gas  by  a  liquid  as  a  process  determined  by  a  certain  time  of  contact  t 
between  the  interacting  phases  and  tending  to  equilibrium,  we  have  that  t-*-  0  1]  — ►  0,  which  corresponds 

to  absence  of  interaction  between  the  gas  and  the  liquid.  The  variation  of  efficiency  with  time  depends  both 
on  the  properties  of  the  gas  and  the  liquid,  and  on  the  hydrodynamical  conditions  of  the  process. 

Figure  1  shows  the  variations  of  bubbling  absorption  efficiency  with  time  for  a  readily  soluble  gas,  ammo¬ 
nia,  and  a  sparingly  soluble  gas,  carbon  dioxide,  in  water  (from  Agarev  and  Shabalin's  data  [9]).  Figure  l,a, 
shows  that  for  the  readily  soluble  gas  the  absorption  efficiency  reaches  very  high  values,  even  at  very  short  phase 
contact  times  or,  which  is  the  same  thing,  at  high  linear  gas  velocities.  In  this  case  the  efficiency  can  be  taken 
as  varying  in  the  range  between  0.98-1.0  and  0.5-0. 6  for  phase-contact  times  measured  in  tenths  or  even 
hundredths  of  a  second.  The  efficiency  for  a  sparingly  soluble  gas  has  low  values,  even  with  long  phase-contact 
times  (Fig.  l,b).  With  phase-contact  times  between  1.0  and  0.1  second  the  change  of  efficiency  for  the  sparingly 
soluble  gas  can  be  taken  as  being  from  0.03-0.05  to  0,005  or  less. 


On  the  other  hand,  the  efficiency  of  the  process  also  depends  on  the  hydrodynamical  conditions;  this  is 
reflected  in  the  relationship  between  the  efficiency  and  the  absorption  coefficient  K.  The  efficiency  increases 
with  increase  of  the  bubbling  depth  (Fig.  l,a).  In  foam  absorption  conditions  the  height  of  the  foam  layer 
increases  and  the  material  transfer  conditions  improve  with  increasing  gas  velocity. 

In  the  general  case  the  efficiency  will  increase  with  increasing  K  and  phase-contact  time  t  .  As  the 
linear  gas  velocity  increases,  t  decreases,  while  K  increases  in  proportion  to  w*^  over  a  certain  range  of  w  (Fig. 2). 

To  analyze  the  nature  of  the  variation  of  efficiency  with  the  linear  gas  velocity  let  us  consider  the  process 
not  from  w  =  0,  but  starting  with  small  values  of  w.  close  to  zero.  At  w  =  0  only  a  nonequilibrium  process  can 
occur,  and  a  steady  state  corresponds  to  absence  of  the  process.  Therefore  the  case  of  w  =  0  is  in  general  governed 
by  other  laws  and  is  not  considered  here. 

Assuming  that  K  =  aw*^,  we  transform  Equation  (6) 


2au)*'  2a 

^  2w  -f-  aw'*  2xd^~'*  -|-  a 


(7) 
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Differentiation  of  this  expression  gives 


rfi)  4a  (1 — n)w~** 

dw  (2rai— "  -f-  ' 


The  first  derivative  of  the  function  in  question  becomes  zero,  i.e.  4a(l  —  n)  =  0,  when  w-^  cd.  Con¬ 
sequently,  Function  (7)  has  no  maximum  or  minimum  value,  and  the  efficiency  can  either  only  increase,  or 
only  decrease  with  the  linear  velocity  of  the  gas. 


and  T  “  w  relationships, 

A)  Absorption  coefficient  K  or  time 
T  ,  B)  linear  gas  velocity  w. 


It  is  evident  that  if  the  increase  of  K  is  proportional 
to  w  raised  to  a  power  less  than  unity,  tj  decreases  with 
increasing  w,  which  is  mostly  the  case.  When  n  >  1,  tj 
may  Increase  with  increasing  w. 

It  must  be  remembered,  however,  that  Equation  (6) 
includes  the  influence  of  the  phase  contact  area  in  im¬ 
plicit  form  only;  the  latter  is  reflected  in  the  value  of  K, 
which  is  referred  to  1  m*  of  the  plate  area. 

In  reality,  the  height  of  the  bubbling  layer  or  of  the 
foam  layer,  H,  and  therefore  the  effective  contact  area  F 
which  depends  on  it  to  some  extent,  is  also  a  function  of 
the  linear  gas  velocity. 

In  general,  the  relationships  between  K  and  H,  and 
H  and  w,  are  defined  [10]  by  the  expressions; 


K  =  Kq  -f-  bH , 

H  =  Cw»-\-  d, 

(9) 

where  Kg ,  b,  C,  and  d  are  constants  which  depend  on  the  properties  of  the  gas  and  the  liquid  and  also  on  the 
geometrical  conditions. 

The  manner  in  which  the  phase  contact  area  depends  on  the  height  of  the  gas  —  liquid  layer  or  on  the 
linear  gas  velocity  is  very  complex  and  is  as  yet  unknown.  We  shall  therefore  restrict  ourselves  to  the  established 
relationships  between  K  and  H,  and  H  and  w,  which  characterize  the  development  of  the  phase  contact  area  F, 

From  Equations  (8)  and  (9)  we  have 


K  =  A-\-  Bw». 


(10) 


Substituting  this  expression  into  Equation  (6),  we  have 

2  -f-  Bw”) 

~  2w-\-  A  ^  Bw»  * 


(11) 


This  equation  differs  from  Equation  (7)  only  by  a  constant  coefficient,  and  therefore  it,  or  the  function 
7j  =  f  (w,  H)  =  \l)  (w,  F),  also  has  no  maximum  or  minimum. 


To  determine  the  conditions  for  increase  or  decrease  of  as  a  function  of  w,  let  us  consider,  for  conven¬ 
ience,  the  reciprocal  of  tj  : 


1  _  w  1 

Tj  ~  .4  -f  Bw»  T  * 


(12) 
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It  is  evident  from  Equation  (12)  that  when  n  <  1,  rj  decreases  with  increasing  linear  gas  velocity.  Con¬ 
versely,  when  n  >  1,  7j  increases. 

Thus,  the  change  of  tj  with  the  values  of  K,  F,  and  t  is  determined  as  one  function  or  another  of  the 
linear  gas  velocity  w. 

When  the  process  occurs  in  a  scrubber,  when  the  value  of  K  is  referred  to  1  m*  of  the  packing  surface,  this 
value  of  K  is  approximately  proportional  to  .  In  evaluation  of  material  transfer  rates  in  bubbling  and  foam 
equipment,  use  is  made  of  the  absorption  coefficient  referred  to  1  m^  of  plate  cross  section,  the  value  of  which 
already  includes  the  influence  of  F,  which  in  turn  depends  on  w.  Therefore  K  is  proportional  to  w  raised  to  a 
power  greater  than  0.8,  and  the  variation  of  77  with  w  is  determined  by  degree  of  development  of  the  phase  • 
contact  area  and  the  corresponding  value  of  n  under  the  given  operational  conditions.  In  most  cases  the  value 
of  n,  although  greater  than  0,8,  does  not  reach  unity.  Therefore  in  practice  tj  most  often  decreases  with  in¬ 
creasing  w  in  bubbling  or  foam  absorption.  The  possibility  is  not  excluded,  however,  that  conditions  may  be  set 
up  in  which  a  very  large  phase  contact  area  is  formed  over  a  definite  range  of  linear  gas  velocities,  so  that  n 
exceeds  unity.  In  such  cases  17  will  increase  with  Increasing  w.  According  to  variations  of  the  foam  formation 
conditions  in  different  ranges  or  linear  gas  velocities  [1,  11],  increases  or  decreases  of  77  over  various  ranges  of 
w  are  also  possible  [8],  This  type  of  variation  of  77  with  w  has  only  been  found  experimentally  by  Blyakher  and 
Shabalin  [11]  for  the  bubbling  absorption  of  sulfuric  anhydride.  The  probable  explanation  is  that  77  was  calcul¬ 
ated  for  the  equilibrium  gas  concentration  referred  to  the  initial  or  final  composition  of  the  liquid  on  the  plate, 
and  not  to  its  average  composition,  which  gave  values  greater  than  unity  for  the  efficiency. 

At  the  same  time,  in  certain  conditions  the  phase  contact  area  may  increase  owing  to  increase  of  w.  How¬ 
ever,  in  the  great  majority  of  cases  the  increase  of  F  is  less  than  the  decrease  of  t  ,  and  therefore  the  efficiency 
decreases  with  increasing  w.  This  is  usually  found  in  practice  for  various  absorption  processes. 

The  quantitative  relationship  between  77  and  w,  i.  e,,  the  extent  of  the  decrease  of  77  with  increasing  w, 
is  determined  in  accordance  with  the  time  required  to  reach  equilibrium,  which  depends  on  the  solubility  of  the 
gas  in  the  absorbent. 


Fig.  3.  Variation  of  efficiency  with  gas  velocity  in  bub¬ 
bling  conditions  in  absorption  of  NH3  (a)  and  CO2  (b)  by 
water  (Agarev  and  Shabalin's  data  [9]). 

A)  Efficiency  77 ,  B)  linear  gas  velocity  w  (in  m  /  second). 

Bubbling  depth  (in  mm);  1-  50,  2  —  100,  3  -  150,  4  —  200, 

Figure  3  shows  the  experimental  data  of  Agarev  and  Shabalin  [9],  representing  the  variation  of  77  with  w 
in  the  absorption  of  easily  and  difficultly  soluble  gases  in  bubbling  conditions,  i.  e.<  at  linear  gas  velocities  up 
to  0.5  m/ second.  To  determine  the  nature  of  this  relationship  at  higher  linear  gas  velocities,  we  carried  out 
special  experiments  on  the  absorption  of  gases  of  different  solubilities  in  foam  conditions.  The  materials  used 
were  ammonia  and  water,  ammonia  and  cuprammonium  solution,  COj  and  soda  solution,  CO2  and  NaOH  solu¬ 
tion,  NO  +  NO2  and  soda  solution,  and  H2S  and  arsenic-soda  solution.* 

*  The  experimental  results  given  in  this  paper  were  obtained  with  the  assitance  of  E.  Ya.  Tarat,  G.  V.  Belchenko, 
N.  A.  Petrova,  V.  S.  Bogorad,  and  P.  M.  Karaseva. 


The  experiments  were  performed  in  a  single-tray  model  foam  apparatus  [10],  The  apparatus  consists  of 
a  dismountable  glass  column  43  mm  in  diameter,  separated  into  two  parts  by  a  horizontal  grid.  The  gas  entered 
the  compartment  under  the  grid  through  two  nozzles  situated  on  opposite  sides.  The  absorbent  was  fed  through 
a  nozzle  situated  above  the  grid  in  the  upper  part  of  the  apparatus,  and  was  removed  from  the  opposite  side 
through  an  overflow  for  the  foaming  liquid.  The  distance  between  the  grid  and  the  overflow  orifice  was  40-60 
mm  in  absorption  of  ammonia,  nitrogen  oxides,  and  hydrogen  sulfide,  and  100-220  mm  in  absorption  of  CO2. 
This  distance  determined  the  height  of  the  baffle  for  supporting  tlie  liquid  on  the  grid.  The  grid  was  made  from 
vinyl  plastic  5  mm  thick,  with  holes  2  mm  in  diameter  and  5  mm  spacing  between  the  holes.  The  open  section 
of  the  grid  was  14.5%.  The  experiments  were  performed  at  various  liquid  rates,  determined  by  the  ratio  of  the 
amount  of  liquid  flowing  per  hour  to  the  width  of  the  overflow  orifice.  The  liquid  rate  was  varied  from  1  to  5 
m^/m-hour  (with  10  to  150  liters  of  liquid  per  hour).  Analytical  data  for  the  gas  and  liquid  before  entering  and 
after  leaving  the  apparatus  were  used  to  calculate  the  absorption  efficiency. 

Figure  4  shows  our  experimental  data  for  the  variation  of  tj  with  w  in  foam  absorption  of  easily  and  dif¬ 
ficultly  soluble  gases;  figure  5  shows  data  on  the  absorption  of  gases  of  moderate  solubilities. 
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Fig.  4.  Variation  of  efficiency  with  gas  velocity  in  foam 
absorption  of  an  easily  soluble  (a)  and  a  difficultly  soluble 
(b)  gas  (our  data). 

A)  Efficiency  tj,  B)  linear  gas  velocity  w  (in  m/  second). 

1)  NH3  in  water,  2)  NH3incuprammonium  solution,  3)  COg 
in  soda  solution  at  liquid  flow  rate  i  =  2  mV  mjhour,  4)  the 

o 

same,  at  i  =  1  m  /m*hour. 


Fig.  5.  Variation  of  efficiency  with  gas 
velocity  in  foam  absorption  of  gases  of 
moderate  solubility. 

A)  Efficiency  tj,  B)  linear  gas  velocity 
w  (in  m/ second). 

1)  H2S  (0,3%)  in  arsenic-soda  solution  at 
i  =  5  m^/mjhour,  2)  the  same  at  i  =  1.34 
m®/m*hour;  3)  CO2  (6%)  in  3  N  NaOH  sol¬ 
ution  at  i  =  5  m®/m*hour;  4)  NO  +  NO2 
(1%)  in  2.5  N  Na2C03  solution  at  i  =  3 
m®/m‘,hour. 


The  experiments  on  bubbling  and  on  foam  absorp¬ 
tion  were  carried  out  with  different  depths  of  the  bubbling 
layer  and  under  different  foam  formation  conditions. 
Irrespective  of  this,  the  absorption  efficiency  for  easily 
and  difficultly  soluble  gases  varies  in  fairly  narrow  limits 
with  increase  of  w.  This  indicates  that  within  the  limits 
of  linear  gas  velocities  used  in  practice  under  bubbling 
and  foam  conditions  the  absorption  efficiency  is  deter¬ 
mined  mainly  by  the  solubility  of  the  gas  in  the  absorbent. 
In  this  range  of  w,  the  efficiency  lies  between  1.0  and  0.5 
for  the  easily  soluble  and  between  0.05  and  0.001  for  the 
difficultly  soluble  gas;  for  gases  of  moderate  solubility,  on 
the  basis  of  the  data  in  Fig.  5,  tj  may  be  assumed  to  vary 
in  the  range  of  0.5-0.05, 

Other  factors  influencing  the  process,  such  as  the 
liquid  rate,  height  of  the  bubbling  layer  or  foam,  and  the 
individual  properties  of  the  gases  (belonging  to  the  same 
group  according  to  their  solubility  in  the  absorbent),  deter¬ 
mine  the  positions  of  the  curves  within  these  limits  of  tj 
for  different  gases.  For  example,  in  bubbling  absorption 
increase  of  the  height  of  the  bubbling  layer  produces  some 
increase  of  the  efficiency  (see  Figs.  1  and  3).  The  same 
applies  to  foam  absorption  on  Increase  of  the  rate  of  liquid 
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supply  to  the  tray  (Fig.  4,b).  The  position  of  the  tj  -  w  curve  is  also  determined  by  the  individual  properties  of 
the  gas  and  the  absorbent.  For  example,  higher  efficiencies  are  obtained  in  the  absorption  of  ammonia  by 
cuprammonium  solution  than  in  the  absorption  of  ammonia  by  water  under  the  same  conditions  (Fig.  4, a). 

However,  in  every  case  the  variation  of  tj  with  the  above  additional  factors  remains  within  the  range  of 
values  of  r]  characteristic  for  gases  of  the  given  degree  of  solubility. 

Thus,  the  most  important  factor  determining  tray  efficiency  in  bubbling  or  foam  absorption  is  tire  solubil¬ 
ity  of  the  gas  in  the  given  absorbent,  or  the  physicochemical  properties  of  the  system. 

Because  the  efficiency  for  different  gases  varies  only  within  definite  limits  with  considerable  variations  of 
linear  gas  velocity  it  is  possible  to  predict  the  order  of  magnitude  of  the  efficiency  for  different  systems.  With 
the  use  of  these  tentative  values  for  the  efficiency  as  the  determining  factors  it  is  possible  to  use  Equation  (6) 
to  calculate  the  expected  order  of  magnitude  of  the  absorption  coefficient. 

SUMMARY 

1.  Characterization  of  the  bubbling  or  foam  absorption  process  by  the  absorption  rate  or  the  efficiency  is 
incomplete;  in  the  first  case  the  degree  of  conversion  of  the  reagents,  and  in  the  second,  the  absorption  rate  is 
not  taken  into  account. 

2.  Equation  (6),  derived  previously  for  crossflow  of  a  gas  and  liquid,  establishes  the  realtionship  between 
the  absorption  coefficient,  absorption  efficiency,  and  linear  gas  velocity.  It  is  shown  with  the  aid  of  this  equation 
and  experimental  data  that  the  efficiency  in  bubbling  and  foam  equipment  is  determined  mainly  by  the  solubil¬ 
ity  of  the  gas  in  the  liquid,  while  other  factors  —  linear  gas  and  liquid  velocities,  height  of  the  bubbling  or  foam 
layer,  etc.  —  vary  the  efficiency  only  within  definite  limits:  1,0-0. 5  for  easily  soluble  gases,  0.5-0.05  for  gases  of 
moderate  solubility,  and  0.05-0.001  for  sparingly  soluble  gases. 

3.  It  is  therefore  possible  to  use  Equation  (6)  for  each  individual  case  for  predicting  the  order  of  magnitude 
of  the  absorption  coefficient  for  different  gases  in  absorption  by  the  bubbling  or  foam  process. 
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KINETICS  OF  THE  FILM  ABSORPTION  OF  NITRIC  OXIDE  BY  FeS04  SOLUTION 

S.  N.  Ganz  and  L.  I,  Mamon 
The  Dnepropetrovsk  Institute  of  Chemical  Technology 

Study  of  the  kinetics  of  absorption  of  nitric  oxide  by  FeS04  solutions  is  of  practical  and  theoretical  interest. 
The  use  of  FeS04  solutions  for  trapping  nitrogen  oxides  may  solve  the  problem  of  decontamination  of  gases  contain¬ 
ing  nitrogen  oxides  in  many  industries;  as  reported  by  us  earlier,  it  is  thereby  possible  to  return  concentrated 
oxides  of  nitrogen  into  the  production  process  [1]. 

Studies  of  the  mechanism  of  absorption  of  NO  by  FeS04  solutions  will  also  increase  our  knowledge  in  the 
field  of  the  chemisorption  theory. 

In  studying  the  process  kinetics  we  used  the  metliods  and  the  theory  of  chemisorption  developed  by  Pozin 
[2],  by  which  it  is  possible  to  determine  the  driving  forces  of  the  process  and  to  derive  the  equations  for  its 
kinetics. 

The  purpose  of  the  first  part  of  our  investigation  was  to  determine  the  nature  of  the  driving  forces  of  the 
process  in  relation  to  the  absorbent  concentration  and  the  partial  pressure  of  the  gas  being  absorbed. 

In  conditions  which  are  not  complicated  by  motion  of  the  liquid  stream,  for  the  same  geometrical  charac¬ 
teristics  of  the  system,  and  at  the  same  temperature  and  gas  velocity,  the  total  absorption  coefficient  K  can 
depend  only  on  variations  of  the  partial  pressure  of  NO,  as  all  the  liquid  phase  parameters  remained  constant  in 

our  experiments. 

% 

Variations  of  the  physical  properties  of  the  absorbent  evidently  cannot  influence  the  absorption  rate  appre¬ 
ciably,  since  the  viscosity  of  the  absorbent  varied  insignificantly  in  the  liquid  concentration  range  studied,  while 
variations  of  the  density  of  the  liquid  have  little  effect  on  Therefore  the  absorption  coefficient  K  should 

be  constant,  if  the  kinetic  equation  for  the  process  is  correctly  chosen. 

It  may  be  concluded  from  the  results  of  various  chemisorption  studies  [2-5]  that  in  the  most  common  case 
the  resistances  of  the  gas  and  liquid  diffusion  layers  are  comparable  and  cannot  be  neglected. 

For  this  case,  the  equation  for  calculating  the  rate  of  the  process  has  the  form: 


G 

xF 


■  K{rc-\-P,„), 


(1) 


where  G  is  the  amount  of  substance  absorbed  (in  kg),  t  is  the  phase  contact  time  (hours),  F  is  the  absorption 

surface  (in  m*),  is  the  absorption  rate  (in  kg/m*-  hour),  K  is  the  absorption  coefficient  (in  kg/m*-  hour*atm), 
T  F 


Dl 


r  =r:^  •  H  is  a  dimensional  coefficient  (in  atm.  per  mole  fraction,  P  is  the  partial  pressure  of  the  gas  (in  atm.). 


and  c  is  the  chemical  capacity  of  the  absorbent  (in  mole  fractions). 


Evidently  it  is  necessary  to  carry  out  a  number  of  experiments  for  each  case  of  chemisorption,  to  establish 
the  influence  of  the  partial  pressure  of  the  component  being  absorbed,  and  of  the  chemical  capacity  of  the  solu¬ 
tion,  on  the  rate  of  the  process,  and  to  determine  the  relative  roles  of  these  factors  in  the  general  driving  force  of 
the  process. 
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EXPERIMENTAL 


The  apparatus  used  for  studying  absorption  rates  is  shown  schematically  in  Fig,  1.  An  absorption  vessel 
with  an  open  and  stationary  solution  surface  was  used. 

The  experiments  were  performed  at  constant  temperatures,  gas  velocities,  amounts  of  absorbent,  and  with 
equal  agitation  of  the  solution.  The  mixture  of  NO  and  nitrogen  in  the  required  concentration  was  prepared  in 
the  gas  holder  1;  the  mixture  then  passed  through  the  flow  meter  2  into  the  absorber  3,  where  part  of  the  nitric 
oxide  was  absorbed  and  the  gas  was  then  collected  in  the  aspirator  4.  The  absorber  3  was  a  conical  vessel  filled 
with  270  cc  of  FeS04  solution  of  known  concentration.  The  Ud  of  the  absorber  had  a  water  seal,  through  which 
passed  a  stirrer  rotating  at  60  revolutions/ minute  at  the  bottom  of  the  vessel.  The  gas  was  passed  over  the 
liquid  surface  at  0.20  liter/minute.  The  area  of  the  liquid  surface  in  the  absorber  was  50.05  cm^ 


Fig.  1,  Diagram  of  laboratory  apparatus  for  absorption  of  nitric  oxide  by  FeS04 
solution. 

1)  Gas  holder,  2)  flow  meter,  3)  absorber,  4)  aspirator,  5,  6)  manometers, 

7)  wash  bottle,  8,  9)  thermometers,  10)  thermostat,  11)  vessel  for  water,  12, 

13)  cocks  for  gas  sampling,  14)  two-way  cock. 

The  gas  entered  and  left  the  absorber  through  tubes  with  widened  ends,  so  that  the  gas  approached  the 
liquid  surface  smoothly  and  uniformly  without  any  appreciable  disturbance  of  the  surface  film.  The  distance 
between  the  surface  of  the  absorbing  solution  and  the  upper  flat  portion  of  the  absorber  was  4-5  mm.  The  pres*- 
sure  in  the  system  was  controlled  by  the  manometers  5  and  6.  The  time  required  to  fill  the  apparatus  with  gas 
was  determined  by  preliminary  experiments,  by  quantitative  determination  of  nitric  oxide  at  the  exit  from  the 
absorber  after  it  passed  through  the  wash  bottle  7. 

The  solution  and  gas  temperatures  were  measured  at  the  beginning  and  end  of  the  experiments  by  means 
of  the  thermometers  8  and  9.  All  the  experiments  were  performed  at  about  20*.  Heating  of  the  solution  caused 
by  heat  of  reaction  could  be  neglected  as  the  amounts  of  NO  absorbed  were  small  and  the  heat  effect  was  low. 
The  average  temperature  of  the  liquid,  which  was  assumed  to  be  constant  in  all  the  experiments,  was  therefore 
used  to  characterize  the  process  conditions. 

The  analytical  methods  for  determination  of  NO  in  the  gas  and  of  FeS04  in  the  liquid  are  described  in  an 
earlier  paper  [1], 

Influence  of  partial  pressure  of  NO  on  the  absorption  rate.  The  experiments  were  performed  at  a  constant 
concentration  of  20,2%  of  FeS04  in  the  solutions  the  nitric  oxide  concentration  of  the  gas  was  varied  between 
0.7  and  13.6%,  The  duration  of  each  experiment  was  10  minutes. 

The  results  of  this  series  of  experiments  are  given  in  Table  1  and  Figs.  2  and  3. 
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The  experimental  results  show  that  In  this  range  of  gas  concentrations  the  absorption  rate  is  directly  pro¬ 
portional  to  the  partial  pressure  of  nitric  oxide  in  the  gas. 


TABLE  1 


Effect  of  Partial  Pressure  of  NO  in  the  Gas  on  the  Absorption  Rate 


Initial  concen 
nation  of  NO 
in  gas  (in  ojn) 

Final  concer 
nation  of 
NO  in  gas  {<^r 

(in  atm.) 

Absorption  rate 
=  G/r  .F  (in 
kg/  m* .  hour) 

Absorption  coeffi¬ 
cient  K(in  kg/m** 
hour  •  atm.) 

0.72 

0.62 

0.0067 

0.0038 

0.494 

0.72 

0.53 

0.0063 

0.00295 

0.47 

2.2 

1.60 

0.0194 

0.0100 

0.515 

2.2 

1.62 

0.019 

0.0093 

0.49 

2.9 

2.10 

0.025 

0.0129 

0.515 

3.83 

2.83 

0.033 

0.0159 

0.485 

3.83 

2.80 

0.0327 

0.0166 

0.507 

6.42 

4.01 

0.046 

0.0224 

0.49 

5.42 

3.89 

0.044 

0.0240 

0.546 

6.6 

4.72 

0.056 

0.0288 

0.616 

6.5 

4.60 

0.066 

0.0306 

0.66 

8.2 

6.01 

0.071 

0.0353 

0.497 

8.2 

6.96 

0.076 

0.0374 

0.60 

9.21 

6.82 

0.08 

0.039 

0.49 

9.21 

6.78 

0.081 

0.039 

0.432 

10.9 

7.90 

0.094 

0.048 

0.51 

12.8 

9.40 

0.11 

0.056 

0.60 

12.8 

9.36 

0.11 

0.066 

0.61 

13.6 

10.00 

0.118 

0.0676 

0.48 

13.6 

9.76 

0.117 

0.0819 

0.53 

Fig,  2,  Variation  of  the  rate  of  absorption 
of  nitric  oxide  by  FeS04  solution  with  the 
partial  pressure  of  NO  in  the  gas. 

A)  Absorption  rate  (in  kg/m*»hour),  B) 
partial  pressure  of  NO  (in  atm.). 
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Fig.  3.  .Variation  of  the  coefficient  of  absorp¬ 
tion  of  nitric  oxide  by  FeS04  solution  with  die 
partial  pressure  of  NO  in  the  gas. 

A)  Absorption  coefficient  (in  kg/m**hour»?itm.), 

B)  partial  pressure  of  NO  (in  atm.). 


The  variation  of  absorption  rate  with  partial  pressure  of  NO  in  the  gas  (Fig.  2)  is  represented  by  a  straight 
line  passing  through  the  coordinate  origin.  This  Indicates  that  the  partial  pressure  of  NO  is  the  determining  fac¬ 
tor  in  the  driving  force  of  the  process.  It  follows  from  these  results  that  the  fundamental  kinetic  equation  for 
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this  absorption  process  was  chosen  correctly,  as  the  absorption  coefficient  K  (Fig.  3)  remains  constant  at  about 
0.5  kg/ m^ -hour -atm.  in  the  given  range  of  gas  concentrations. 

Influence  of  FeS04  concentration.  In  this  series  of  experiments  the  FeS04  concentration  was  varied  between 
4.6  and  20%  and  Ae  NO  concentration  between  2.2  and  12<7o. 
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Fig.  4.  Variation  of  the  rate  of  absorption  of  nitric  oxide 
with  the  chemical  capacity  of  the  solution. 

A)  Absorption  rate  (in  kg/  m^-hour),  B)  chemical  capacity 
of  FeS04  solution  (in  moles/ liter). 

Average  values  of  partial  pressure  of  NO  in  the  gas  (in  atm.); 
1  -  0.099,  2  -  0.0455,  3  -  0,026. 


The  absorption  coefficient  K  was  calculated  from  the  equation 


G 

X  .  F 


=  K  . 


A/> 


m> 


(2) 


where  APj^,  is  the  logarithmic  mean  difference  between  the  partial  pressures  of  nitric  oxide  In  the  gas  and  over 
the  liquid. 

The  reason  for  the  adoption  of  this  kinetic  equation  was  that  on  the  basis  of  the  above  experimental  data 
it  was  asssumed  that  the  partial  pressure  of  NO  is  the  total  driving  force  of  the  absorption  process. 

The  results  of  this  series  of  experiments  are  given  in  Figs.  4  and  5. 


Fig.  5.  Variation  of  the  rate  of  absorption  of  ni¬ 
tric  oxide  by  FeS04  solution  with  the  partial  pres 
sure  of  NO. 

A)  Absorption  rate  (in  kg/ m^ hour),  B)  partial 
pressure  of  NO  (in  atm.). 


The  chemical  capacity  of  the  solution  was 
calculated  from  its  initial  composition.  In  this  case 
the  deviation  between  the  chemical  capacity  of  the 
solution  and  the  logarithmic  mean  was  1-2%,  as  the 
changes  in  the  solution  concentration  during  the  ex¬ 
periment  were  small. 

The  experimental  data  were  used  to  plot  the 
relationship  between  the  absorption  rate  and  the 
partial  pressure  of  NO  in  the  gas,  shown  in  Fig.  5. 

This  relationship  is  represented  by  a  straight 
line  passing  through  the  coordinate  origin,  thus  con¬ 
firming  that  the  absorption  rate  is  determined  by  the 
partial  pressure  of  NO  in  the  gas. 

Therefore,  in  the  given  range  of  gas  and  liquid 
concentrations,  the  partial  pressure  of  nitric  oxide  in 
the  gas  is  the  total  driving  force  of  the  process,  and 
the  absorption  coefficient  K  calculated  from  Equa¬ 
tion  (2)  is  a  constant  quantity,  the  average  value  of 
which  can  be  taken  as  50.10"^  hg/m^  *  hour -atm. 
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However,  cases  are  possible  at  certain  ratios  of  the  absorbed  gas  and  absorbent  concentrations  in  which  the 
process  is  controlled  by  the  resistance  of  the  two  boundary  diffusion  layers  and  the  rate  of  the  process  will  be 
represented  by  Equation  (1). 

It  follows  from  this  equation  that  the  driving 
force  of  the  process  is  provided  by  the  partial  pres¬ 
sure  of  the  absorbed  gas  and  a  pressure  equivalent 
to  the  chemical  capacity  of  the  absorbent.  In  order 
to  verify  this  experimentally  and  to  determine  the 
lower  limit  ?2  of  the  gas  concentration  at  which 
Equation  (2)  ceases  to  apply  and  Equation  (1)  should 
be  used  for  the  calculations,  a  series  of  experiments 
was  carried  out  on  absorption  of  nitric  oxide  from 
gases  with  higher  NO  concentrations,  from  0.7  to 
38%  with  the  FeS04  concentration  in  the  solution 
varied  from  5.6  to  20.5% 

The  results  of  this  series  of  experiments  are 
given  in  Fig.  6,  from  which  it  follows  that  at  higher 
NO  concentrations  in  the  gas  the  chemical  capacity 
of  the  solution  ha^  an  appreciable  influence  on  the 
absorption  rate  and  therefore  the  partial  pressure  of 
NO  in  the  gas  APjn  is  not  the  total  driving  force  of 
the  process.  Therefore  at  nitric  oxide  concentrations 
above  8%  in  the  gas  (for  a  solution  containing  5% 
FeS04),  10%  (for  a  solution  of  9.7%FeS04),  and  14% 
(for  a  solution  of  20.5%  FeS04)  Equation  (2)  is  no 
longer  valid  and  Equation  (1)  should  be  used  for 
calculations. 

Thus,  the  nature  of  the  drivirig  force  in  the 
absorption  of  nitric  oxide  by  FeS04  solution  has  been  established  and  the  mechanism  of  the  process  determined 
as  the  result  of  these  experiments. 

The  following  conclusions  may  be  drawn  from  the  observations:  1)  absorption  of  NO  by  FeS04  solution  is 
accompanied  by  a  chemical  reaction  and  the  rate  of  the  process  is  determined  by  the  diffusion  kinetics;  2)  the 
zone  in  which  the  reaction  between  NO  and  FeS04  occurs  is  in  the  depth  of  the  liquid,  and  the  absorbed  gas 
diffuses  through  a  layer  of  neutralized  absorbent;  3)  as  nitric  oxide  is  readily  soluble  in  the  absorbent  in  the 
concentration  range  between  0.7  and  8-12%,  the  liquid  film  resistance  is  a  very  small  fraction  of  the  total  diffu¬ 
sion  resistance  and  may  be  neglected;  4)  the  nature  of  the  driving  force  changes  with  the  concentration  of  nitric 
oxide  in  the  gas,  and  the  absorption  process  calculations  may  have  to  be  based  either  on  Equation  (1)  or  Equa¬ 
tion  (2). 

The  nitric  oxide  concentration  corresponding  to  the  lower  limit  of  NO  concentration,  P2,  for  the  case  in 
question  is  about  8-14%. 

Absorption  of  nitric  oxide  by  FeS04  solution  in  a  packed  column.  The  foregoing  experimental  data  made 
it  possible  to  establish  the  nature  of  the  driving  force  in  the  absorption  of  NO  by  FeS04  solutions,  but  they  give 
no  idea  of  the  magnitude  of  the  absorption  coefficient  in  scrubber  conditions  in  relation  to  the  gas  and  liquid 
velocities. 

The  experimental  results  suggest  that  the  rate  of  absorption  of  NO  by  FeS04  solution  in  scrubber  conditions, 
and  the  absorption  coefficient  K,  should  not  depend  appreciably  on  the  liquid  velocity,  as  in  this  case  the  liquid 
film  resistance  is  negligibly  small. 

This  view  of  the  mechanism  of  the  process  can  be  confirmed  by  the  action  of  a  number  of  variable  factors 
on  the  absorption  rate;  the  gas  and  liquid  velocities,  temperature,  etc. 


A 


Fig.  6.  Variation  of  the  rate  of  absorption  of  nitric 
oxide  by  FeS04  solution  with  partial  pressure  of  NO 
in  tile  gas  at  higher  concentrations  of  NO. 

A)  Absorption  rate  (in  kg/  m*  •  hour),  B)  partial 
pressure  g  NO  (in  atm.). 

Concentration  of  FeS04  solution  (in  %):  1)  20,  2) 
10,  3)5. 


If  it  is  true  that  the  process  is  controlled  by  the  resistance  of  the  gas  boundary  layer,  then  any  changes 
which  decrease  the  resistance  of  this  layer  will  accelerate  the  absorption  of  nitric  oxide.  At  the  same  time, 
changes  in  the  resistance  of  the  liquid  boundary  layer  should  not  have  any  significant  effects  on  the  absorption 
rate. 

Increase  of  the  gas  velocity  over  the  liquid  surface  decreases  the  thickness  of  the  gas  layer  and  therefore 
accelerates  diffusion  of  the  absorbed  component  through  this  layer.  It  is  therefore  to  be  expected  that  the  rate 
of  absorption  of  nitric  oxide  should  depend  on  the  gas  velocity. 

This  section  of  the  paper  deals  with  establishment  of  the  relationship  between  the  absorption  coefficient 
of  the  gas  boundary  layer  Kg  and  the  gas  velocity  in  a  scrubber. 

In  this  part  of  the  investigation,  the  problem  of  isolating  the  gas  velocity  factor  was  solved  by  carrying  out 
the  experiments  in  a  packed  column  at  constant  gas  and  liquid  concentrations  and  at  equal  spraying  densities  and 
absorption  temperatures. 

Experimental  procedure.  The  experiments  were  performed  in  a  scrubber  510  mm  high  and  27.8  mm  inside 
diameter;  the  height  of  the  packing  was  410  mm.  The  packing  consisted  of  glass  rings  with  d  =  4.6  mm,  L  =  10 
mm,  and  6  =  0.8  mm.  The  wetted  surface  of  the  packing,  including  the  scrubber  walls,  was  0.2  m^  .  The  use 
of  packing  ensured  geometrical  similarity  between  the  experimental  scrubber  and  a  packed  tower.  The  geo¬ 
metrical  surface  of  the  rings  in  in  cubic  meter  of  the  packing  was  815  m^/m®  .  The  free  volume  of  the  packing 
was  0.55  m^/m®  ,  All  the  experiments  were  carried  out  at  20°. 

The  spraying  density  of  the  packing  was  6-7  m^/m^  .  hour  in  all  the  experiments.  The  equivalent  diameter 
of  the  packing  was  0.0027  m. 

The  apparatus  used  for  the  experiments  is  shown  in  Fig.  7.  Nitric  oxide  at  about  1%  concentration  was 
absorbed  by  20%  solution  of  FeS04.  The  inert  carrier  was  nitrogen  previously  purified  to  remove  oxygen.  Nitric 
oxide  was  prepared  by  the  action  of  sodium  nitrite  on  ferrous  sulfate  solution  in  sulfuric  acid.  The  nitric  oxide 
was  collected  in  the  gas  holder  1,  from  which  it  was  fed  through  the  flow  meter  2  into  the  mixer  3  filled  with 
10  X  10  mm  rings. 

The  gas  mixture  of  the  required  concentration  was  passed  from  the  mixer  through  a  flow  meter  into  the 
scrubber  4  from  below,  countercurrent  to  the  absorbent  solution  which  was  fed  from  the  header  vessel  5.  The 
amount  of  solution  flowing  down  was  measured  in  the  measuring  cylinder  6.  At  the  exit  from  the  absorber  the 
gas  was  passed  out  into  the  atmosphere  through  the  hydraulic  seal  7. 

The  gas  samples  for  analysis  were  taken  when  a  steady  state  had  been  attained.  In  all  the  experiments  the 
gas  velocity  was  determined  relative  to  the  scrubber  walls.  The  linear  gas  velocity  was  limited  by  flooding  of 
the  scmbber,  which  occurred  at  gas  velocities  of  1.4- 1.5  m/ second,  at  spray  densities  of  6-7  m^/m^  •  hour.  All 
the  experiments  were  therefore  performed  with  the  gas  velocities  varied  between  0.09  and  1  m/ second. 

The  absorption  coefficients  Kg  were  calculated  from  Equation  (2)  in  view  of  the  fact  that  in  the  given 
range  of  NO  concentrations  in  the  gas  the  concentration  of  the  FeS04  solution  does  not  influence  the  rate  of  ab¬ 
sorption. 

In  this  case  the  total  coefficient  of  absorption  K  was  assumed  to  be  equal  to  the  partial  absorption  coeffi¬ 
cient  of  the  gas  diffusion  layer  Kg  . 

The  results  of  the  experiments  were  expressed  in  the  form  of  a  general  relationship  between  dimension¬ 
less  parameters. 

For  a  scrubber  process  controlled  by  the  resistance  of  the  gas  diffusion  film  the  relationship  between  the 
dimensionless  criteria  can  be  represented  by  the  equation 


NUg  =  C*Re^.Pr^.I^, 


(3) 


Kg  •  *^equiv  •  *^eouiv.  y 

where  the  Nusselt  criterion  NUg  = — ^ -  ,  the  Reynolds  criterion  Re^,  =  °  _  ,  and  the  Prandtl 
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criterion  Pr  = 


V 

y  •  Dno’ 


r  is  the  criterion  of  geometrical  similarity  of  the  system,  is  the  coefficient  of 


diffusion  of  nitric  oxide  in  the  inert  gas  (in  m^/ second),  dgq^^y  is  the  equivalent  diameter  of  the  packing 
(in  m),  Tj  is  the  viscosity  of  the  gas  mixture  (in  kg/sec  /m\  y  is  the  density  of  the  gas  mixture  (in  ), 

Wg  is  the  gas  velocity  (in  m/ second),  and  Kg  is  the  absorption  coefficient  (in  m/ second). 


The  geometrical  characteristics  of  the  system  were  constant  in  the  experiments,  and  therefore  the  criterial 
equation  takes  the  form 


N„g  =  C  .  Reb  .  P,' 


(4) 


Further,  since  the  nitric  oxide  concentration  varied  only  slightly  in  our  experiments,  the  value  of  Pr  remains 

O 

practically  constant.  The  exponent  of  Ptg  was  assumed  to  be  0.5  on  the  basis  of  literature  data  (by  analogy  with 
other  systems)  [5]. 

For  calculation  of  Re  ,  the  characteristic  geometrical  parameter  was  taken  to  be  the  equivalent  diameter 

^  4  .  Vfree 

of  the  packing  dgquiv  which  was  determined  from  the  known  relationship;  ^ -  ,  where  F  is  the 

surface  area  of  the  packing  (in  m^/m®)  and  is  the  free  volume  of  the  packing  (in  m*/m®). 


In  the  present  instance  the  equivalent  diameter  of  the  packing  was  0.0027  m. 

The  viscosity  and  density  of  the  gas  mixture  were  calculated  from  the  average  composition  of  the  gas. 


TABLE  2 

Influence  of  Gas  Velocity  on  the  Coefficient  of  Absorption  of  Nitric  Oxide  by  FeS04  Sol¬ 
ution 


Initial  con¬ 
centration 
of  NO  in  gas 
(in  <yp) 

Final  concen 
tration  of 

NO  in  gas 
(in  «yr) 

(in  atm.) 

Gas  velocity 
Wg(in  err/ 
second) 

NUg 

Absorption 
coefficient  K 
(in  kg/m*  •  hour  • 

atmn 

0.94 

0.36 

0.0061 

9.93 

18.1 

0.037 

0.78 

0.9G 

0.4 

0.0065 

19.82 

34 

0.0628 

1.38 

0.94 

0.3 

0.0059 

7.82 

14.2 

0.0327 

0.686 

1.03 

0.4 

0.00638 

49.6 

89.6 

0.149 

3.14 

1.07 

0.44 

0.00666 

82.0 

145.3 

0.184 

3.87 

1.02 

0.6 

0.0070 

60.1 

108.6 

0.16 

3.14 

1.094 

0.785 

0.00923 

23.0 

41.6 

0.0693 

1.45 

1.14 

0.46 

0.00725 

42.5 

76.5 

0.14 

2.94 

1.14 

0.53 

0.00768 

37.2 

67.0 

0.104 

2.18 

0.845 

0.353 

0.00565 

11.1 

19.9 

0.0371 

0.78 

0.85 

0.346 

0.00569 

16.4 

29.7 

0.0671 

1.2 

0.86 

0.437 

0.00545 

23.0 

41.6 

0.066 

1.523 

0.87 

0.467 

0.0055 

27.2 

49.3 

0.0725 

1.729 

0.724 

0.262 

0.00468 

11.2 

19.9 

0.045 

0.95 

0.744 

0.301 

0.00482 

25.2 

45.6 

0.0825 

1.73 

0.774 

0.324 

0.00495 

49.6 

89.5 

0.154 

3.25 

0.754 

0.336 

0.00508 

37.2 

67.0 

0.11 

2.32 

1.15 

0.54 

0.00736 

99.6 

180.7 

0.23 

4.82 

1.15 

0.53 

0.0075 

99.8 

180.9 

0.232 

4.83 

1.08 

0.63 

0.0075 

70.1 

136.7 

0.181 

3.8 

The  viscosity  of  nitrogen  was  taken  as  7?2o*  =  1*84  •  10"^  poises.  The  density  of  nitrogen  was  y2o»  “  1.2507 
kg/m®.  The  viscosity  of  nitric  oxide  at  20*  TI200  =  1.92  •  10  ®  kg-sec  /m^  .  The  density  of  NO  at  20*  y  =  1,37  • 
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•  kg/m8.  The  dynamic  viscosity  of  the  gas  mixture,  based  on  the  average  composition,  was  taken  as  1.88  •  10“® 
kg*sec./m^  and  the  density  of  the  gas  mixture,  720°  ~  0.126  kg/ sec  ^/m^  .  The  average  value  of  Prg  in  our 
experiments  was  0.95. 

The  results  of  experiments  on  the  influence  of  gas  velocity  on  the  absorption  coefficient  are  given  in 
Table  2  and  Fig.  8. 

The  experimental  data  were  used  to  plot  the  relationship  Nu  =  f(Re  )  (log  Nu  ,  log  Re  ).  This  relatlon- 

8  8  8  8 

ship  is  represented  by  a  straight  line  (Fig.  9),  the  equation  of  which  can  be  represented  as 

NUg  =  C  •  Re’"  •  Pr^-®  .  (5) 

By  solving  this  equation  on  the  basis  of  the  experimental  data,  it  is  possible  to  determine  the  values  of 
the  constants  C  and  b  algebraically. 

The  calculations  gave  the  equation 

NUg  =  0.00374  •  Re°*®  •  Pr®'®  .  (6) 

If  the  geometrical  characteristics  of  the  system,  the  liquid  velocity  and  the  physical  parameters  of  the 
liquid,  and  Pr  are  all  constant,  the  relationship  between  K  and  W  can  be  represented  as 

8  8  0 

Kg  =  Cl  •  Re’’-^  ^  C2  •  W°g«  ,  (7) 

i.  e.,  in  this  case  the  absorption  coefficient  is  proportional  to  the  0.8th  power  of  the  gas  velocity. 


Fig.  7.  Laboratory  apparatus  for  studying  the  absorption  of  NO  at  different  gas 
velocities. 

I)  Gas  holder  for  nitric  oxide,  2)  flow  meters,  3)  mixer,  4)  absorber,  5)  header, 
6)  solution  receiver,  7)  water  seal,  8)  manostat,  9)  manometer,  10)  thermometei; 

II)  nitrogen  cylinder,  12)  gas  holder. 
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Fig.  8.  Variation  of  the  absorption  coeffi¬ 
cients  of  NO  with  the  gas  velocity. 

A)  Absorption  coefficient  (in  kg/ hour  • 
•  atm),  B)  gas  velocity  (in  cm /sec  ). 


Fig.  9.  The  Nu™  =  )  relationship. 

O  O 

A)  Log  NUg,  B)  log  ROg  . 


These  results  confirm  that  increase  of  linear  gas  velocity  results  in  a  considerable  increase  of  the  absorp 
tion  coefficient.  For  example,  in  the  velocity  range  between  0.10  and  1  m/ second  the  absorption  coefficient 
shows  a  6- fold  increase.  It  also  follows  from  the  experimental  data  that  at  low  concentrations  of  nitric  oxide 
in  the  gas  the  rate  of  absorption  of  NO  increases  sharply  with  increasing  gas  velocity. 


SUMMARY 

1.  At  relatively  low  concentrations  of  NO  in  the  gas,  the  coefficient  of  absorption  of  NO  Increases  in 
proportion  to  the  0.8th  power  of  the  gas  velocity  in  the  gas  velocity  range  from  0,1  to  1,0  m/second. 

2.  The  total  absorption  coefficient  can  be  assumed  equal  to  the  partial  coefficient  Kg  for  the  gas  film, 
as  the  resistance  of  the  latter  determines  the  process  rate. 

3.  The  kinetic  equation  for  the  relationship  between  K  and  Re  determined  from  the  experimental  data 
has  been  expressed  in  criterial  form,  and  may  be  used  for  the® design  oIF  industrial  absorption  equipment. 
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RECTIFICATION  INVESTIGATIONS  OF  A  TERNARY  SYSTEM  HAVING  AN 


AZEOTROPE  OF  THE  SADDLE-POINT  TYPE* 

I.  N.  Bushmakin  and  I.  N.  Kish 
The  A.  A.  Zhdanov  State  University,  Leningrad 


Our  previous  paper  [1]  contained  the  results  of  a  study  of  liquid  —  vapor  equilibria  in  the  system  methyl 
acetate  -  chloroform  -  methanol. 

This  study  showed  that  the  system  forms  a  ternary  azeotrope  of  the  saddle-point  type.  It  is  known  from 
the  literature  [2]  that  in  systems  of  this  type  rectification  of  solutions  of  definite  composition  with  complete 
separation*  *  yields  a  fraction  the  composition  of  which  varies  continuously  during  rectification,  and  the  boiling 
point  of  which  decreases.  Such  fractions,  which  we  term  "fractions  or  rectification  products  of  variable  composi¬ 
tion,"  have  already  been  obtained  and  studied  by  a  number  of  authors  [2,  3,  4],  However,  the  effect  in  question 
was  not  completely  explained  by  these  authors;  in  particular,  the  apparent  contradiction  between  the  complete 
separating  power  of  the  column  used  and  the  continuous  variation  of  the  composition  of  die  rectification  product 
remained  unexplained. 

The  purpose  of  the  present  investigation  was  to  study  the  causes  of  formation  of  the  "rectification  product 
of  variable  composition"  and  to  determine  the  boundaries  of  the  rectification  regions  in  the  system  methyl 
acetate  —  chloroform  —  methanol. 


EXPERIMENTAL 

Details  of  the  substances  used  were  given  in  the  previous  paper  [1].  The  analyses  were  carried  out  by 
measurements  of  the  refractive  index  and  dielectric  constant  of  the  solutions;  the  methods  are  also  decribed  in 
the  previous  paper.  The  experiments  were  performed  in  a  column  of  the  usual  design  with  Raschig  ring  packing 
[5]. 

The  diameter  of  the  column  was  1.5  cm.  The  height  of  the  packing  was  150  cm.  The  packing  consisted 
of  glass  Raschig  rings  3.5  X  3.5  mm,  with  walls  0.8  mm  thick.  The  column  was  connected  to  a  mamostat.  All 
the  rectification  experiments  were  performed  at  a  pressure  of  760  mm  in  the  condenser. 

The  number  of  theoretical  plates  was  25  (for  the  system  benzene  —  carbon  tetrachloride)  with  boil-up  rate 
of  3  ml/ minute,  and  with  total  reflux. 


*  Communication  II  in  the  series  on  distillation  and  rectification  processes  in  ternary  systems. 

*  *  "Rectification  with  complete  separation"  or  "ideal"  rectification  is  a  process  in  which  the  number  of  steps 
is  always  sufficient  for  all  the  fractions  to  be  either  pure  components  or  constant  bbiling  mixtures,  with  each 
fraction  following  the  preceding  one  stepwise,  without  a  gradual  transition.  In  laboratory  and  industrial  prac¬ 
tice,  rectification  approaching  this  ideal  case  is  known  as  "sharp"  or  "supersharp"  rectification.  It  is  effected 
by  means  of  a  column  with  a  sufficiently  large  number  of  theoretical  plates  and  minimum  liquid  holdup. 
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The  experiments  were  performed  at  a  boil-up  rate  of  3  ml/ minute  and  reflux  number  40.  The  number 
of  theoretical  plates  is  then  23,  The  liquid  holdup  under  these  conditions  is  15  ml. 


10  20  30  WC  W  80  120  C 


liO  80  120  c  00  80  120  r 

Fig.  1.  Course  of  the  rectification  experiments. 

A)  Contents  of  components  in  the  distillate  (in  molar  <^o),  B) 
boiling  point  of  distillate,  C)  amount  of  distillate  (in  ml). 

Curves:  1)  methyl  acetate,  2)  chloroform,  3)  methanol, 

I,  II,  III,  IV)  numbers  of  the  experiments. 

The  amount  of  solution  used  in  each  experiment  was  200-220  ml.  As  will  be  shown  later,  this  ratio  bet¬ 
ween  the  amount  of  holdup  and  the  amount  of  original  solution  has  a  somewhat  unfavorable  effect  on  the  results 
of  our  experiments. 

Equilibrium  in  the  column  was  established  in  about  two  hours  (this  was  indicated  by  a  constant  vapor 
temperature  in  the  condenser).  The  condenser  temperature  was  recorded  at  definite  intervals,  and  samples  from 
the  still  and  distillate  were  taken.  The  results  of  four  rectification  experiments  are  summarized  in  Table  1  and 
represented  graphically  in  Figs.  1  and  2. 

Experiment  I.  (Table  1,  Fig.  1,  I).  Composition  of  the  original  solution  (in  molar  <7o):  methyl  acetate 
33.8,  chloroform  55.6,  methanol  10.6.  The  first  fraction  was  the  methanol  —  chloroform  azeotrope.  During 
distillation  of  the  first  fraction  the  boiling  point  and  composition  of  the  distillate  were  constant.  The  composi¬ 
tion  of  the  liquid  in  the  still  varied  linearly  in  the  direction  opposite  to  the  binary  .azeotrope  (Fig.  2).  After 
removal  of  the  first  fractions  the  composition  of  the  distillate  passed  into  the  composition  of  the  ternary  azeo¬ 
trope.  (In  an  ideal  column,  the  first  fraction,  the  methanol  —  chloroform  azeotrope  should  be  suddenly  succeeded 
by  the  second,  the  rectification  product  of  variable  composition.  Because  of  the  low  efficiency  of  the  column 
and  the  relatively  large  holdup,  the  transition  from  the  first  to  the  second  fraction  was  gradual  in  our  experiments. 
Instead  of  a  single  first  fraction  we  obtained  a  series  of  first  fractions.) 

On  further  rectification  the  composition  of  the  distillate  does  not  remain  constant,  but  varies  continuously 
in  the  direction  of  the  methanol-methyl  acetate  azeotrope  and  its  boiling  point  falls.  The  composition  of  the 
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iy,  56M'>  10  ^0  60  M  60  61.21'' 
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Methylacetats  h  Chloroforri, 


Fig.  2,  Variations  of  the  solution  composition  in  the  still 
during  the  rectification  experiments  (in  molar  %).  The  direc¬ 
tions  are  indicated  by  arrows. 

Numbers  in  circles  represent  the  original  compositions  of  the 
solutions  in  the  still. 

1,  2,  3,  etc.)  rectification  regions. 

I,  II,  III)  lines  separating  the  rectification  regions. 

liquid  in  tlie  still  varies  along  a  curved  line  (the  separation  line)  and  when  it  reaches  the  composition  of  the 
methyl  acetate- chloroform  azeotrope  the  composition  of  the  distillate  gradually  passes  into  the  composition  of 
this  binary  azeotrope  and  subsequently  remains  constant.  The  boiling  point  of  the  distillate  increases  correspond¬ 
ingly  and  then  becomes  constant. 

Experiment  II.  (Table  1,  Fig.  1,  II).  Composition  of  the  original  solution  (in  molar  <yo);  methyl  acetate 
41,9,  chloroform  36.9,  methanol  21.2.  The  first  fraction  was  the  methanol-methyl  acetate  azeotrope.  The 
course  of  the  rectification  process  was  as  in  the  preceding  experiment;  the  first  fractions  were  followed  by  dis¬ 
tillates  of  variable  composition  with  a  characteristic  fall  of  boiling  point.  The  composition  of  this  fraction 
varied  only  just  perceptibly  at  the  beginning,  and  more  later.  Accordingly,  the  composition  of  the  liquid  in  the 
still  at  first  varied  along  an  almost  straight  and  then  along  a  strongly  curved  separation  line. 

Experiment  III.  (Table  1,  Fig.  1,  III).  Composition  of  the  original  solution  (in  molar  <6o)x  methyl  acetate 
27.0,  chloroform  20,6,  methanol  52.4.  The  first  fraction  was  the  methanol-methyl  acetate  azeotrope.  No  frac¬ 
tion  of  variable  composition  was  obtained.  The  second  fraction  was  the  ternary  azeotrope  and  the  third,  pure 
methanol. 

Experiment  IV.  ( Table  1,  Fig.  1  IV).  Composition  of  the  original  solution  (in  molar  °jo):  methyl  acetate 
5.7,  chloroform  14.5,  methanol  79.8.  The  first  fraction  was  the  methanol-chloroform  azeotrope.  The  subsequent 
process  was  exactly  as  in  Experiment  HI. 

By  the  generally  accepted  definition,  the  rectification  region  is  the  region  of  the  concentration  triangle  in 
which  rectification  of  the  solutions  gives  the  same  fractions  in  the  same  sequence.  By  this  definition  our  system 
has  6  rectification  regions.  They  are  illustrated  in  Fig.  2  and  their  characteristics  are  given  in  Table  2. 

In  Fig.  2,  tlie  Lines  I  separate  rectification  regions  in  which  the  solutions  give  different  first  fractions. 

Lines  n  separate  rectification  regions  with  different  middle  fractions,  and  Lines  El  separate  regions  with  different 
last  fractions  (bottoms). 
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TABLE  1 

Course  of  the  Rectification  Experiments 

t  (in  "C  .)  in  condenser;  Xj  —  molar  of  methyl  acetate;  Xg  —  molar  %  of  chloroform;  X3  — 
molar  <yo  of  methanol 


Amount  of  dis- 

Still 

1  Distillate 

tillate  (in  ml) 

i 

•Tfi 

5 

53.30 

E 

xperimeni 

;  I 

0 

65.0 

35.0 

10 

53.40 

40.6 

56.4 

3.0 

0 

64.6 

36.4 

12.6 

53.40 

— 

— 

— 

1.2 

62.4 

36.4 

16.0 

55.40 

40.7 

57.8 

1.5 

6.0 

54.4 

39.6 

19.0 

56.30 

40.1 

69.0 

0.9 

24.2 

30.5 

45.3 

22.0 

54.45 

38.5 

61.2 

0.3 

53.3 

8.0 

38.7 

23.5 

54.10 

— 

— 

— 

60.6 

3.4 

36.0 

24.6 

54.02 

36.9 

63.1 

0.0 

61.7 

2.8 

35.5 

25.6 

54.50 

36.3 

63.7 

0.0 

61.5 

3.5 

36.0 

26.5 

54.90 

35.7 

64.3 

0.0 

_ 

_ 

—  - 

27.0 

58.20 

— 

— 

_ 

_ 

_ 

_ 

29.0 

59.20 

— 

— 

_ 

_ 

_ 

37.0 

64.50 

— 

— 

— 

— 

- 

6 

63.50 

Ej 

38  7 

cperiment 

42.3 

II 

19.0 

65.0 

35.0 

11 

53.60 

38.6 

43.2 

18.2 

66.0 

_ 

36.0 

17 

54.25 

38.6 

44.7 

16.7 

63.3 

1.5 

36.2 

23 

55.62 

38.8 

46.0 

15.2 

53.0 

7.8 

39.2 

26 

55.90 

— 

— 

— 

— 

_ 

_ 

29 

56.13 

39.2 

47.5 

13.3 

34.7 

21.3 

44.0 

32 

56.24 

— 

— 

— 

_ 

_ 

_ 

35 

56.27 

40.0 

49.0 

11.0 

31.4 

24.0 

44.6 

38 

56.29 

— 

— 

— 

_ 

_ 

_ 

41 

56.32 

— 

— 

— 

_ 

_ 

44 

56.35 

— 

— 

— 

28.0 

26.8 

45.2 

47 

56.35 

— 

— 

— 

— 

_ 

_ 

53 

56.35 

41.8 

52.6 

5.6 

25.7 

28.8 

45.6 

69 

56.35 

— 

— 

— 

— 

_ 

_ 

62 

56.36 

42.0 

55.0 

3.0 

25.1 

29.3 

45.6 

65 

56.29 

— 

— 

— 

— 

_ 

_ 

68 

55.70 

— 

— 

— 

38.0 

18.8 

43.2 

71 

54.39 

.39.1 

60.4 

0.5 

47.8 

11.4 

40.8 

72.5 

54.17 

— 

— 

— 

_ 

_ 

_ 

74 

54.15 

— 

— 

— 

60.7 

‘  2.6 

36.7 

75.5 

54.20 

— 1 

— 

_ 

_ 

_ 

_ 

77 

54.67 

— 

— 

,. — 

— 

_ 

_ 

80 

56.00 

35.6 

64.3 

0.1 

— 

_ 

_ 

83 

57.30 

— 

— 

— 

— 

_ 

_ 

89 

63.40 

— 

— 

_ 

_ 

_ 

_ 

95 

64.50  1 

— 

— 

— 

1 

— 

— 

5 

53.60 

E> 

:periment 

Ill 

65.0 

35.0 

10 

53.60 

22.0 

23.2 

54.8 

65.0 

_ 

35.0 

15 

53.70 

— 

— 

— 

_ 

_ _ 

_ 

20 

54.20 

20.6 

23.4 

56.0 

56.9 

4.3 

38.8 

25 

55.80 

— 

— 

— 

44.4 

12.6. 

43.0 

30 

56.12 

19.4 

23.1 

57.5 

31.6 

22.6 

45.8 

35 

.56.25 

— 

— 

— 

_ 

_ 

_ 

40 

1 

56.33 

28.5 

i 

25.5 

46.0 
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TABLE  1  (Continued) 


1 

Amount  of  dis¬ 
tillate  (in  ml) 

Still  1 

Distillate 

1  t 

9:1 

I 

.X, 

.X, 

Experiment  III 


45 

56.36 

— 

—  1 

—  i 

_ 

_ 

_ 

60 

56.34 

— 

—  I 

— 

— 

— 

— 

55 

56.34 

— 

— 

— 

24.9 

29.3 

45.8 

GO 

66.35 

— 

— 

— 

24.2 

30.2 

45.6 

65 

56.32 

16.4 

21.6 

62.0 

» 

» 

» 

70 

56.32 

— 

— 

— 

_ 

_ 

_ 

76 

56.34 

— 

— 

— 

24.0 

30.3 

45.7 

80 

56.32 

— 

— 

— 

_ 

_ 

_ 

85 

56.30 

15.1 

20.0 

64.9 

— 

_ 

_ 

90 

56  30 

— 

— 

— 

24.0 

30.3 

45.7 

100 

56.33 

— 

— 

— 

_ 

_ 

_ 

120 

56.33 

13.8 

Ex  pi 

18.7 

eriment  I\ 

67.5 

1 

6 

53.20 

__ 

_ 

1  0.1  1 

64.6  1 

35.2 

12 

53.40 

— 

_ 

— 

1  — 

_ 

_ 

18 

68.30 

— 

_ 

— 

_ 

_ 

24 

63.50 

— 

— 

— 

1.3 

62.3 

36.4 

30 

54.00 

— 

— 

— 

11.0 

45.0 

44.0 

36 

64.80 

— 

— 

— 

— 

— 

_ 

42 

56.00 

— 

_ 

— 

18.9 

35.5 

46.6 

48 

66.32 

— 

— 

— 

— 

— 

_ 

54 

56.36 

— 

— 

— 

i  22.2 

32.2 

45.6 

60 

56.36 

— 

— 

— 

22.9 

31.5 

45.6 

66 

56.36 

— 

— 

— 

24.3 

30.0 

45.7 

72 

66.36 

— 

— 

— 

22.9 

31.5 

45.F 

78 

66.36 

— 

— 

— 

23.4 

30.4 

46.2 

84 

66.38 

— 

— 

— 

22.4 

30.6 

47.0 

90 

66.40 

— 

— 

— 

19.8 

25.8 

54.4 

96 

56.50 

— 

— 

— 

— 

— 

— 

104 

57.20 

— 

— 

— 

— 

1  — 

— 

112 

60.30 

— 

— 

— 

— 

— 

— 

118 

62.50 

— 

— 

— 

— 

— 

124 

64.50 

~ — 

— 

j  — 

1 

i 

1 

100 

In  experiments  I  and  II  a  fraction  of  variable  composition  was  obtained.  This  can  be  explained  by  means 
of  Fig.  3,  where  Aj  is  the  vertex  of  the  concentration  triangle,  m  is  the  minimum  boiling  point  azeotrope  in  the 
•  system  A1A3,  M  is  the  maximum  boiling  point  azeotrope  in  the  system  A1A2,  and  S  is  the  saddle  point. 

Starting  with  a  solution  of  composition  y,  we  obtain  the  binary  azeotrope  m  as  the  first  fraction  with  an 
ideal  column.  The  composition  of  tlie  liquid  in  the  still  varies  along  the  straight  line  yN  until  it  reaches  the 
boundary  of  the  rectification  region  (Curve  SM).  When  the  composition  of  the  solution  in  the  still  reaches  the 
separating  line,  it  begins  to  yield  a  distillate  of  composition  S,  so  that  the  next  fraction  is  the  ternary  azeotrope. 
The  composition  of  the  liquid  in  the  still  then  varies  along  the  straight  line  SNQ,  and,  as  the  separating  line  is 
a  curve,  it  leaves  this  line  and  again  enters  the  rectification  region  containing  the ‘composition  of  the  original 
solution.  Therefore  the  composition  of  the  fraction  changes  again  and  again  becomes  the  binary  azeotrope  m. 

Because  the  composition  of  the  solution  in  die  still  (Point  Q)  is  near  to  the  separating  line,  after  distilla¬ 
tion  of  a  very  small  amount  of  m^  it  again  reaches  the  separating  line  (Point  P)  etc. 

Thus,  in  "ideal  rectification,"  infinitesimal  amounts  of  two  different  constant  compositions  alternate  in 
the  distillate.  The  point  for  the  aggregate  composition  of  the  distillate  lies  on  die  straight  line  mS,  and  varia¬ 
tions  of  the  distillate  composition  depend  on  die  relative  amounts  of  these  two  constant  compositions  in  the 
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distillate,  their  ratio  being  determined  by  the  slope  of  the  Curve  SM.  The  stepwise  alternation  of  die  distillate 
cannot,  of  course,  be  observed  experimentally,  and  a  fraction  is  obtained  the  composition  of  which  varies  gra¬ 
dually  and  continuously. 


TABLE  2 


Rectification  Regions  in  the  System  Methyl  Acetate  —  Chloroform  —  Methanol 


Rectification 
region  (in  Fig.2) 

First  fraction 

Middle  fractions 

Last  fraction 
(bottoms) 

1 

Methanol- methyl 

\ 

I 

acetate  azeotrope 

\  Ternary  azeotrope 

>  Methanol 

2 

Metlianol-chloro- 

( 

( 

form  azeotrope 

) 

3 

Methanol- methyl 

\  Ternary  azeotrope 

\ 

acetate  azeotrope 

\  and  fraction  of  vari- 

1 

4 

Methanol- chloro- 

1  able  composition 

1 

form  azeotrope 

1  Methyl  ace- 

5 

Methanol- methyl 

)  Methyl  acetate 

/  tate- chloro- 

acetate  azeotrope 

)  ^ 

1  form  azeotrope 

6 

Methanol-chloro- 

( 

j 

form  azeotrope 

1  Chloroform 

1 

Fig.  3.  Diagrammatic  explanation  of  the 
formation  of  a  distillate  of  variable  com¬ 
position. 

Description  in  text. 


If  the  separating  line  SM  is  straight,  within  the 
limits  of  experimental  error,  a  fraction  of  constant 
rather  than  of  variable  composition  is  obtained.  This 
was  the  case  in  Experiments  III  and  IV. 

Tlie  technological  importance  of  the  possible 
existence  of  systems  yielding  fractions  of  variable  com¬ 
position  must  be  stressed. 

In  rectification  of  a  multicomponent  solution, 
consisting  of  unknown  components,  or  with  unknown 
liquid-vapor  equilibrium  relationships,  the  composition 
of  the  distillate  often  varies  continuously  for  prolonged 
periods,  so  that  the  distillate  is  neither  a  pure  compo¬ 
nent  nor  an  azeotrope.  In  such  cases  it  is  usually  consi¬ 
dered  that  the  column  used  does  not  have  enough 
theoretical  plates  for  separation,  and  attempts  are  made 
to  improve  the  separation  by  increasing  the  efficiency 
of  the  column. 


The  system  studied  by  us  shows,  however,  that 
formation  of  a  distillate  of  variable  composition  may 
be  caused  not  by  inadequate  efficiency  of  the  column,  but  by  the  nature  of  the  system  itself.  In  such  cases  no 
increase  of  column  efficiency  is  of  any  use.  The  decrease  of  the  boiling  point  of  the  distillate  is  characteristic 
of  the  presence  of  a  fraction  of  variable  composition,  and  makes  it  possible  to  decide  whether  the  latter  or  in¬ 
adequate  column  efficiency  is  the  obstacle  to  separation. 


We  may  note  also  that  distillates  of  variable  composition  are  found  not  only  in  systems  containing  azeo¬ 
tropes  of  the  saddle-point  type.  If  a  system  has  a  curved  separating  line  between  the  rectification  regions  dif¬ 
fering  from  each  other  in  the  compositions  of  die  first  fractions  (Fig.  2,  line  I),  this  is  sufficient  for  the  forma¬ 
tion  of  such  a  fraction.  An  example  is  the  system  acetone  —  chloroform  —  benzene  [3],  which  has  only  one 
azeotrope  (acetone- chloroform);  in  rectification  of  a  solution  of  any  ternary  composition  the  second  fraction 
will  always  be  a  distillate  of  variable  composition. 


SUMMARY 


III  the  rectification  of  multicomponent  systems,  the  formation  of  a  distillate  of  variable  composition  is 
in  some  cases  caused  not  by  inadequate  separating  efficiency  of  the  column,  but  by  the  nature  of  the  system. 

In  such  cases  the  formation  of  a  distillate  of  variable  composition  cannot  be  avoided  even  with  the  use 
of  an  ideal  column, 
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THE  ISOTHERM  AT  25*  FOR  THE  QUATERNARY  STSTEM 

MgO-P205-H2SiF6-H20 


(REMOVAL  OF  MAGNESIUM  SALTS  FROM  WET-PROCESS  PHOSPHORIC  ACID) 

S.  Ya.  Shpunt  and  F.  E.  Mostovich 
Scientific  Research  Institute  for  Fertilizers  and  Insectofungicides 


The  physicochemical  basis  of  the  acid  decomposition  of  natural  calcium  phosphate  rocks  containing  con¬ 
siderable  amounts  of  magnesium  compounds  (such  as  Kara-Tau  phosphorites)  was  discussed  in  the  previous  com¬ 
munications  [1-5]  on  the  basis  of  the  diagrams  obtained  for  the  ternary  system  MgO-P20y-H20  and  the  quaternary 
system  Ca0-Mg0-P20^H20.  Other  impurities  present  in  such  phosphorites:  fluorine,  Si02,  AI2O3,  and  Fe203, 
were  not  considered.  According  to  the  results  of  a  study  of  the  ternary  system  Mg0-P205-H20  at  80*  [1],  no  pre¬ 
cipitation  of  salts  should  occur  in  the  evaporation  of  wet-process  phosphoric  acid,  obtained  from  Kara-Tau  phos¬ 
phorites,  intended  for  use  in  double  superphosphate  production.  All  the  magnesium  salts  should  remain  in  solu¬ 
tion.  However,  as  semiworks  scale  experiments  performed  by  the  staff  of  the  Scientific  Research  Institute  for 
Fertilizers  and  Insectofungicides  under  the  guidance  of  Voskresensky  have  shown,  a  precipitate  is  formed  when 
wet-process  phosphoric  acid  obtained  from  Kara-Tau  phosphorites  is  evaporated.  This  is  probably  caused  by  the 
presence  of  fluorine  compounds  (together  with  magnesium)  in  Kara-Tau  phosphorites.  Special  experiments 
showed  that  the  role  of  AI2O3,  Fe203,  and  Si02  in  precipitate  formation  is  not  great. 

It  was  of  interest  to  study  the  solubility  of  magnesium  fluosilicate  in  phosphoric  acid  solutions,  and  also  the 
quaternary  system  MgO-P20g-H2SiF^H20,  which  had  never  been  investigated  before. 

In  studies  of  the  quaternary  system,  for  precise  determination  of  the  course  of  the  "isosigms"  (see  below) 
by  means  of  which  it  is  possible  to  "read"  with  certainty  the  composition  of  the  saturated  solutions  within  the 
areas  of  crystallization,  it  was  necessary  to  study  at  least  two  sections,  determining  the  compositions  of  the 
liquid  and  solid  phases  at  several  points  of  the  field  of  saturation  for  the  salt  of  lowest  solubility,  which  therefore 
occupies  the  greatest  region  of  the  diagram. 

Magnesium  fluosilicate  is  known  only  as  the  hexahydrate  [6],  Its  solubility  in  water  at  17.5  and  20“  was 
determined  by  Worthington  and  Haring  [7]  and  by  Stolba  [8],  Yatlov  and  Pinaevskaya  [9]  determined  the  solubil¬ 
ity  of  magnesium  fluosilicate  in  water  in  the  temperature  range  from  —0.9  to  +60*.  According  to  these  authors, 

60°  is  the  limiting  temperature  above  which  magnesium  fluosilicate  undergoes  strong  hydrolysis  in  solution, 
according  to  the  equation:  SMgSiFg  +  3H2O  2H2SiF6  +  3MgF2  +  H2Si03.  Magnesium  fluoride  is  precipitated, 
and  free  H2SiF6  appears  in  solution.  The  authors  note  that  magnesium  fluosilicate  begins  to  decompose  at  80“ 
with  liberation  of  SiF4,  according  to  the  equation  MgSiFg — >-MgF2  +  SiF4.  No  data  are  to  be  found  in  the  litera¬ 
ture  on  the  solubility  of  MgF2  in  phosphoric  acid  solutions.  There  are  only  data  oa  the  solubility  of  this  salt  in 
water  [10,  11).  At  18“  0.0076  g  MgF2  dissolves  in  100  g  H2O.  Yatlov  and  Pinaevskaya  [9]  also  studied  the 
solubility  of  magnesium  fluosilicate  in  fluosilicic  acid  solutions  at  20°.  Fluosilicic  acid  was  shown  to  have  a 
salting-out  effect  on  magnesium  fluosilicate.  The  ternary  systems  Mg0-P205-H20  and  Mg0-H2SiFg-H20,  which 
enter  into  the  composition  of  the  quaternary  system  Mg0-P20g-H2SiFg-H20,  were  described  in  earlier  papers 
[1-9].  Study  of  the  ternary  system  Mg0-P20^H20  at  25°  [1]  showed  that,  in  the  range  of  P2O5  concentrations 
studied,  from  6.5  to  10.0%  the  following  solid  phases  are  in  equilibrium  with  phosphoric  acid  solutions:  MgHP04  • 
•  3H2O:  Mg(H2P04)2  •  4H2O;  Mg(H2P04)2  •2H2O  and  Mg(H2P04)2.  In  the  ternary  system  Mg0-H2SiF6-H20,  which 
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was  studied  at  20°,  the  equilibrium  solid  phase  is  MgSiFg  •  6II2O. 


EXPERIMENTAL 

Starting  substances.  The  starting  substances  used  were  thrice  crystallized  orthophosphoric  acid  and  chemi¬ 
cally  pure  dim agnesiurri  phosphate  dihydrate.  The  preparation  of  various  crystalline  hydrates  of  monomagnesium 
phosphate  has  already  been  described  in  an  earlier  paper  [1], 

Chemically  pure  fluosilicic  acid  was  prepared  from  chemically  pure  hydrofluoric  acid  by  dissolving  first 
quartz  (down  to  1-2%  HF  concentration)  and  then  precipitated  silicic  acid  in  it.  The  composition  of  the  mag¬ 
nesium  fluosilicate  hexahydrate,  prepared  by  the  method  described  previously  [9],  corresponded  to  the  theoret¬ 
ical. 


Method  of  investigation.  Equilibrium  between  the  investigated  solutions  and  solid  phases  was  attained  in 
small  hermetically  sealed  vinyl  plastic  vessels  shaken  in  a  water  thermostat  (temperature  fluctuations ±  0.2°). 

The  equilibrium  position  was  checked  by  repeatedly  taken  samples  of  the  solutions.  P2O5  and  MgO  were  deter¬ 
mined  in  the  samples  by  double  precipitation,  by  the  usual  gravimetric  methods.  Fluorine  was  determined  by 
the  method  developed  by  Vinnik  in  the  Scientific  Research  Institute  of  Fertilizers  and  Insec tofungicides  [12]. 
Silica  in  presence  of  fluorine  was  determined  with  the  use  of  boric  acid,  by  the  method  developed  by  Vasilyev 
and  Sudilovskaya  [13],  All  the  analytical  methods  were  previously  checked  against  chemically  pure  salts.  The 
composition  of  the  solid  phase  was  determined  by  analysis  of  the  precipitate  washed  with  ethyl  acetate,  by 
microscopic  observations,  and  by  x-ray  structure  analysis. 

It  most  be  pointed  out  that  in  analyses  both  of  the  liquid  and  of  the  solid  phase  (after  the  latter  has  been 
dissolved  in  concentrated  sulfuric  acid  on  heating)  the  P2O5  and  MgO  determinations  must  be  carried  out  after 
removal  of  fluorine  from  the  solutions.  Otherwise  complex  fluorine  compounds,  which  are  not  precipitated  in 
the  gravimetric  precipitation  of  P2O5  and  MgO,  may  be  formed  not  only  with  the  anions  but  also  with  the  cations. 

For  the  reasons  stated  above,  we  studied  the  solubility  of  magnesium  fluosilicate  in  phosphoric  acid  solu¬ 
tions,  and  the  quaternary  system  MgO-P20g-H2SiF^H20  (including  two  internal  sections  of  the  latter). 


TABLE  1 

Data  on  the  Solubility  of  Magnesium  Fluosilicate  in  Phosphoric  Acid  Solutions  at  25°.  (Curve 
BC,  Fig.  1) 

Composition  of  solid  phase  —  MgSiFg  *  6H2O 


Experi¬ 

ment 

No. 

Solution  composition  (<yf) 

F/MgO 

ratio 

Solution  composition  ir 
moles/1000  moles  H2O 

Fluorine  content 
in  washed  precip¬ 
itate  (wt.  %) 

MgO 

P1O5 

F 

MgO 

P2O, 

F 

B 

5.84* 

16.5 

2.83 

33.5 

201 

B 

6.7 

— 

16.5 

2.83 

32.1 

— 

201 

_ 

2 

4.6 

7.7 

12.5 

2.72 

27.2 

12.9 

157 

4.3 

13.0 

10.3 

2.39 

26.3 

22.7 

134 

40.9  •* 

4 

2.9 

21.8 

7.0 

2.41 

18.7 

40.4 

97 

40.7 

5 

2.2 

27.9 

4.8 

2.18 

15.2 

54.2 

70 

_ 

6 

1.5 

33.5 

2.8 

1.86 

10.7 

68.2 

43 

42.4 

7 

1.5 

35.3 

3.0 

1.97 

11.2 

74.2 

47 

_ 

8 

0.7 

45.1 

1.7 

1.78 

5.8 

108.8 

30 

_ 

9 

0.6 

55.5 

0.8 

1.33 

6.2 

163.2 

18 

42.4 

10 

0.5 

57.7 

0.7 

1.40 

5.3 

177.fl 

16 

♦  Yatlov  and  Pinaevskaya’s  data  [9]. 

*  •  The  calculated  content  of  MgSiFg  .  6H2O  is  41.56%  F. 


The  experimental  data  on  the  solubility  of  magnesium  fluosilicate  in  phosphoric  acid  solutions  at  25“  are 
given  in  Table  1.  This  system  is  also  shown  in  Fig.  1  (Curve  BC).  It  is  evident  that  the  MgO  content  of  the 
solution  falls  sharply  with  increasing  concentration  of  P2O6,  reaching  0.7%  at  45.1%  PaOs,  while  the  MgO  content 
when  magnesium  fluosilicate  is  dissolved  in  water  is  5.7%.  The  solution  composition  at  the  point  corresponding 
to  tile  solubility  of  magnesium  fluosilicate  in  water  is  in  close  agreement  with  Yatlov  and  Pinaevskaya's  data 
[9].  The  F  :MgO  ratio  at  this  point  has  the  theoretical  value  2.83.  With  increasing  PgOg  content  in  the  solution 
this  ratio  gradually  decreases  to  1.4  at  57.7%  P2O5  in  solution.  Therefore  in  these  cases  we  are  essentially  dealing 
not  with  the  solubility  of  magnesium  fluosilicate  in  phosphoric  acid  solutions,  but  with  its  solubility  in  solutions 
of  magnesium  phosphates  in  phosphoric  acid.  All  these  solutions,  starting  with  the  least  concentrated  with  respect 
to  P2O5,  and  ending  with  the  highest  concentrations  reached  (57.7%  P2O5),  are  incongruent  with  respect  to  mag¬ 
nesium  fluosilicate.  The  equilibrium  solid  phase  at  25*  over  the  whole  range  of  P2O5  concentrations  from  0  to 
57.7%  is  MgSiFg  •  6H2O. 


Fig.  1.  Solubility  of  magnesium  fluosilicate  in  phosphoric  acid  so¬ 
lutions. 

It  follows  from  our  experimental  data  that  these  incongruent  solutions  of  magnesium  phosphates  in  phos¬ 
phoric  acid  salt  out  magnesium  fluosilicate.  The  only  congruent  point  along  the  whole  line  ABC  is  the  point  B, 
which  corresponds  to  the  solubility  of  magnesium  fluosilicate  in  water.  By  using  the  experimental  data  given  in 
Tables  2,  3,  and  4  on  the  quaternary  system  MgO-P20^H2SiFg-H20,  and  sections  studied  within  the  crystalliza¬ 
tion  field  of  magnesium  fluosilicate,  it  is  possible  to  find  by  interpolation,  for  any  concentration  of  phosphoric 
acid,  the  composition  of  the  solution  corresponding  to  a  fluorine-magnesium  oxide  ratio  of  2,83,  i.  e.,  the  con¬ 
gruent  solution  saturated  with  magnesium  fluosilicate. 

The  broken  line  in  Figs.  1  and  2,  based  on  calculated  data,  represents  the  solubility  of  magnesium  fluosil¬ 
icate  in  phosphoric  acid  solutions.  The  points  on  the  curve  to  the  left  of  this  line  correspond  to  the  solubility  of 
magnesium  fluosilicate  in  mixtures  of  fluosilicic  and  phosphoric  acids,  while  the  curves  to  the  right  of  it  belong 
the  quaternary  system,  corresponding  to  the  solubility  of  magnesium  fluosilicate  in  phosphoric  acid  solutions 
containing  magnesium  phosphates.  Let  us  consider  the  points  Qj  and  O3  in  the  quaternary  system,  shown  in  Fig.  2. 

The  compositions  of  the  solutions  corresponding  to  the  points  and  O3  are  in  equilibrium  with  the  follow¬ 
ing  solid  phases: 


Qi  —  MgSiFe  •  GHoO  +  iVlgHPOi  +  Mg(H2P04)2  •  2H2O; 
%  —  MgSiFc  •  6H2O  +  .\[g(Il2P04)2  •  21120  -f  Mg(Il2l’04)2. 


TABLE  2 


Curve  O  Qj  (Figs.  2  and  3) 


Solution  composition 

Experi- 

(in  wt. 

(moles/1000  moles  H2O 

inent 

Solid  phase  composition 

No, 

MgO 

P.0, 

F 

MgO 

P.O5 

F 

18 

2.4 

9.0 

8.2 

13.4 

14.2 

97 

49 

4.6 

16.4 

7.0 

29.5 

30.0 

131 

19 

15 

4.7 

5.3 

18.1 

22.1 

6.4 

5.5 

29.5 

35.9 

32.3 

41.7 

85 

78 

MgSiF„  ■  6H2O  +  MgHP04 

20 

7.4 

27.9 

5.1 

55.4 

59.3 

80 

21 

8.0 

30.5 

3.9 

62.1 

67.1 

64 

31Q, 

8.7 

32.9 

2.3 

69.2 

74.2 

38 

MgSiFfi  •  6H2O  4-  MgHP04  -f 

4-  Mg  (H2P04)2  •  2H2O 

TABLE  3 


Curves  Qj  O3  and  03n  (Figs.  2  and  3) 


1 

Solution  composition  | 

Experi¬ 

ment 

in  wt.  ‘yn  1 

(moles/1000  moles  1120! 

Solid  phase  composition 

1 

No. 

MgO 

P2O, 

F 

j  MgO 

P,0,  j 

F  j 

Curve  Q1O3  (Figs.  2  and  3) 

Q. 

8.7 

32.9  i 

2.3 

69.2 

74.2 

38 

MgSiFs  .  6H2O  4-  MgHP04  4- 

4-  Mg(H2P04)2  •  2H2O 

22 

7.3 

35.8 

1.7 

61.2 

85.3 

30 

54 

6.5 

38.6 

0.7 

53.6 

90.2 

12 

32 

5.5 

41.9 

0.4 

45.1 

101.2 

08 

MgSiFe  -61120  4- 

33 

5.3 

46.2 

0.4 

49.1 

121.6 

03 

4-  Mg(H2P04)2  •  21130 

34 

4.6 

51.8 

0.4 

46.4 

151.9 

08 

35 

4.8 

53.3 

0.3 

51.8 

162.9 

07 

Q." 

4.0 

54.9 

0.3 

43.8 

170.8 

09 

MgSiF6-6H20  4-Mg(H2P04)2. 
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MgSiFg  •  6H2O  +  Mg(H2P04)., 

TABLE  4 


Points  Within  the  Field  of  Saturation  of  MgSiFg  *  6H2O 


Experi¬ 

ment 

No. 

Solution  composition 

) 

Solid  phase  composition 

in  wt.  fl/r-  1 

(moles/1000  moles  H2O 

MgO  j 

PjO, 

F 

MgO 

PjO, 

F 

14a 

j  3.5 

26.3 

5.6 

24.1 

51.6 

82 

15a 

1  3.5  1 

28.3  1 

3.5 

24.1 

55.4 

51 

50 

3.9  1 

31.5 

i  2.6 

27.2 

64.4 

41 

16a 

I  3.7 

33.0  i 

2.1 

1  26.8 

1  68.3 

1  32 

j  MgSiFg  •  6H0O 

23 

1  3.8  1 

45.3 

0.7 

33.9  j 

114.3 

13 

55(//) 

1  1 

57.1 

0.6 

39.3  i 

1  186.4 

1 

MgSiFc  •  6H2O  4-  Mg(H.,P04).. 

15 

!  a. 3 

22.1  1 

5.5 

35.9 

41.7 

78 

MgSiF,.  .  6H.,0  4-  MgHPOi 

16 

5.5 

33.2 

1.0 

40.6 

69.7 

16 

1 

17 

!  5.3 

35.3 

1.0 

40.6 

1  76.5 

16 

1 

1  MgSiFo-BHgO 

18 

5.5 

39.1 

0.6 

43.8 

86.5 

10  1 

) 

32 
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0.4 

i  46.0  ! 

101.5 

08 
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Fig.  2.  The  system  MgO-PgOg-HaSiFg-HgO.  Isotherm  at  25“. 

Systems:  1)  MgO-PjOg-HaO,  2)  MgO-PgOg-HgSiFg-HaO. 

It  should  be  remembered  that  the  ternary  system  MgO-PgOs— H2O  has  three  triple  points  with  the  following 
solid  phases  saturating  tlie  solutions: 


A  —  MgHP04  •  SHgO  +  Mg(H,P04)2  •  4H2O; 
.1,  -  Mg(H2P04)2  •  4H2O  +  Mg(H2P04)2  •  2H2O; 
.I2  -  Mg(H2P04)2  •  2H2O  +  Mg(H2P04)2. 


while  dimagnesium  phosphate  trihydrate  exists  in  the  ternary  system  (at  25,  80,  and  130“),  anhydrous  dimag¬ 
nesium  phosphate  was  found  in  the  quaternary  system.  The  crystallization  field  of  monomagnesium  tetrahydrate 
which  was  found  for  the  ternary  system  does  not  exist  in  the  quaternary  system.  In  the  quaternary  system  the  field 
of  anhydrous  dimagnesium  phosphate  is  directly  contiguous  to  the  crystallization  field  of  monomagnesium  phos¬ 
phate  dihydrate.  It  seems  that  in  presence  of  magnesium  fluosilicate  magnesium  phosphates  are  either  dehy¬ 
drated  completely,  or  their  degree  of  hydration  decreases  in  comparison  witli  that  found  in  tlie  Mg0-P20f-H20 
system.  Table  5  gives  the  compositions  of  the  solutions  and  the  corresponding  solid  phases  of  the  multiple  points 
Qj  and  O3  of  the  quaternary  system  and  the  closely  adjacent  points  A  and  Aj  of  the  ternary  system  MgO-P205-H2O. 

Experimental  data  on  the  compositions  of  the  solutions  corresponding  to  intermediate  points  on  the  curves 
O  Oi,  Qi  O3,  and  Pan  separating  the  crystallization  fields  of  MgSiFg  •  6H2O  and  MgHP04(0Qi), 


MgSiFe  •  6H2O  -1-  Mg(H2P04)2  .  2H20(QiQ3)and  MgSiFe  •  6H2O  +  Mg(H2P04)2  (Qa/i) 
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are  given  in  Tables  2  and  3.  The  narrowness  of  the  magnesium  phosphate  fields  confirms  tlieir  salting-out 
effect  on  magnesium  fluosilicate  in  phosphoric  acid  solutions.  The  complete  isotlierm  for  25“  for  the  system 


MgO-P20g-H2SiFg-H20 

is  shown  in  Figs.  2  and  3  in  the  form  of  two  projections  on  the  coordinate  planes  Mg0-0-P205  and  F-O-P2O5 
(the  corresponding  data  are  given  in  Tables  2  and  3). 

Nearly  the  whole  area  of  the  diagram  is  occupied  by  magnesium  fluosilicate  hexahydrate.  Here  also  the 
crystallization  fields  of  magnesium  phosphates,  in  accordance  with  their  greater  solubility  compared  to  MgSiFg  • 

•  6H2O,  consist  of  narrow  strips  which  almost  coalesce  with  the  dimagnesium  phosphate  line  in  the  ternary  system 
MgO-P2C)5-H20,  and  are  slightly  removed  from  the  lines  for  monomagnesium  phosphate  of  different  degrees  of 
hydration  in  the  same  ternary  system.  The  form  of  the  diagram  shows  that  magnesium  fluosilicate  (MgSiFg- 

•  6H2O)  has  almost  no  influence  on  the  solubility  of  magnesium  phosphates.  However,  magnesium  phosphates 
present  in  phosphoric  acid  solution  salt  out  magnesium  fluosilicate  hexahydrate. 


TABLE  5 

Composition  of  Solutions  and  Corresponding  Solid  Phases  at  Multiple  Points 


Points 

Solution  composi¬ 
tion  (in  wt.  ‘f) 

Solid  phases 

MgO  j 

PjOs  j 

A  ..  . 

8.3 

33.1 

MgHP04 . 3H2O  -f  Mg(H2p04)2  •  4H2O 

Qi  ■  ■ 

8.7 

32.9 

2.3 

MgSiFg  •  6H2O  +  MgHP04  -f  Mg(H2P04)2  •  2H.,0 

A^  .  .  . 

4.6 

53.3 

— 

Mg(H2P04)2  •  4H2O  +  Mg(H.2P04)2 . 2H2O 

<?3  •  •  • 

4.0 

54.9 

0.3 

MgSiFg  •  6H2O  -f  Mg(H2P04)2  •  2H,0  -f  Mg(H2P04)., 

A2  •  •  • 

3.2 

59.6 

M{?(HoP04)2  •  2HoO  -I-  Mg(H2P04)2 

It  was  already  noted  in  a  previous  communication  [3]  that  with  the  aid  of  isotherm  projections  it  is  possi¬ 
ble  to  read  off  the  compositions  of  the  solutions  corresponding  to  "branches"  separating  the  fields  of  crystalliza¬ 
tion.  To  make  it  possible  to  establish  the  composition  of  a  solution  at  any  point  within  the  crystallization  field, 
a  network  of  "isosigms"  may  be  drawn  on  a  separate  diagram  ,  by  means  of  which  the  solution  composition  can 
be  determined  with  a  single  projection. 

To  find  the  correct  course  of  the  "isosigms,"  we  determined  experimentally  the  compositions  of  the  solu¬ 
tions  and  solid  phases  (of  two  internal  sections)  at  several  points  of  the  MgSiFg  •  6H2O  field,  which  occupies 
almost  the  whole  area  of  the  diagram.  These  results  are  given  in  Table  4  and  plotted  in  Fig.  2. 

Isotherms  of  the  quaternary  system  MgO-P20^“H2SiF6— H2O  at  higher  temperatures  are  to  be  studied  in  the 
near  future.  Tests  have  shown  that  magnesium  fluosilicate  begins  to  decompose  with  liberation  of  MgF2  and 
SiF4  in  phosphoric  acid  solutions,  as  in  aqueous  solutions,  when  heated  to  70-80".  Hydrolysis  of  SiF4  with  forma¬ 
tion  of  H2SiF5  and  H2Si03  is  also  possible.  As  soon  as  MgF2  and  H2Si03  have  been  formed,  magnesium  fluosilicate 
becomes  difficult  to  filter.  Therefore  the  evaporation  temperature  of  phosphoric  acid  containing  MgSiFg  should 
not  exceed  70-80".  Application  of  the  diagram  for  the  quaternary  system  MgO-P20g-H2SiFg-H20  to  removal  of 
magnesium  from  wet-process  phosphoric  acid  in  production  of  double  superphosphate  from  Kara-Tau  phosphorites 
will  be  described  in  separate  publications.  Meanwhile  it  may  be  noted,  on  the  basis  of  our  experiments,  that 
when  H2SiF6  is  added  to  wet-process  phosphoric  acid  (from  Kara-Tau  phosphorites)  in  amounts  calculated  ro  re¬ 
move  the  magnesium  oxide  present  in  the  form  of  MgSiFg  •  H2O,  the  phosphoric  acid  evaporated  down  to  45-46^70 
P2O5  deposits,  on  cooling,  the  very  pure  (-#  100<7o)  coarsely  crystalline,  easily  filterable  salt.  Analysis  of  the 
mother  liquor  gives  results  in  agreement  with  tlie  equilibrium  diagram  for  the  quaternary  system  MgO-PgOg— 

— H2SiF6— H2O,  The  evaporated  phosphoric  acid  after  removal  of  magnesium  salts  is  used  for  double  superphosphate 
production. 


The  MgSiFg  •  1120  deposited  during  cooling  of  the  acid  is  mixed  with  phosphoric  acid  and  subjected  to 
thermal  dissociation.  Gases  containing  fluorine  (SiF4  and  HF)  are  driven  off  and  used  for  purification  of  fresh 
portions  of  phosphoric  acid.  The  solid  residue  consists  of  magnesium  phosphate,  which  is  a  highly  concentrated 
fertilizer. 


SUMMARY 

1.  The  isotherm  for  the  quaternary  system  Mg0-P205— H2SiFg-H20  (at  25*)  has  the  following  crystallization 

fields; 


MgSiFe  •  6HoO;  MgHP04;  Mg(H2P04)2  •  2H20andMg(H2P04)2. 


2.  The  multiple  points  on  the  isotherm  correspond  to  combinations  of  three  saturating  solid  phases: 


Qj  -  MgSiFe  .  6H2O  +  MgHP04  +  Mg(H2P04)2  •  2H2O, 

Qs  -  MgSiFe  •  6H2O  +  Mg(HoP04)2  •  2H2O  +  Mg(H2P04)2. 


3.  The  influence  of  magnesium  fluosilicate  on  the  solubility  of  magnesium  phosphates  in  phosphoric  acid 
solutions  is  slight.  At  the  same  time,  phosphoric  acid  solutions  containing  magnesium  phosphate  have  a  strong 
salting-out  effect  on  magnesium  fluosilicate.  The  crystallization  field  of  MgSiFg  •  6H2O  occupies  almost  the 
whole  area  of  the  diagram.  The  saturation  fields  of  magnesium  phosphates  are  represented  by  narrow  strips, 
adjacent  to  the  corresponding  saturation  lines  of  the  ternary  system  MgC>-P20g-H20. 

4.  Magnesium  phosphates  present  in  phosphoric  acid  solutions  are  either  totally  dehydrated  (to  dimagnesium 
phosphate)  in  contact  with  magnesium  fluosilicate,  or  their  degree  of  hydration  is  decreased  (to  monomagnesium 
phosphate). 

5.  Magnesium  fluosilicate  begins  to  decompose  with  liberation  of  MgF2  and  SiF^  when  heated  to  70-80°  in 
phosphoric  acid  solutions,  in  the  same  way  as  in  aqueous  solutions.  Hydrolysis  of  SiF4  with  formation  of  H2SiF5 
and  H2Si03  is  also  possible.  In  presence  of  MgF2  and  H2Si03,  magnesium  fluosilicate  (MgSiFg  •  6H2O)  becomes 
difficult  to  filter.  Therefore  the  evaporation  temperature  of  phosphoric  acid  containing  MgSiFg  should  not 
exceed  70-80°. 

6.  When  H2SiFe  is  added  to  wet-process  phosphoric  acid  (from  Kara-Tau  phosphorites)  in  amounts  calcula¬ 
ted  to  remove  the  magnesium  oxide  present  in  the  form  of  MgSiFg  •  6H2O,  the  phosphoric  acid  evaporated  down 
to  45-46^0  P2O5  deposits,  on  cooling,  the  very  pure  (~  100<yo)  coarsely  crystalline,  easily  filterable  salt.  Analysis 
of  die  mother  liquor  shows  that  its  composition  agrees  with  the  equilibrium  diagram  for  the  quaternary  system 
Mg0-P50-H2SiF6-H20. 

7.  After  removal  of  magnesium  salts,  the  phosphoric  acid  can  easily  be  used  for  double  superphosphate 
production. 

8.  The  fluoride  gases  (SiF4  and  HF)  formed  by  thermal  dissociation  of  MgSiFg  •  6H2O  are  used  for  purifica¬ 
tion  of  fresh  portions  of  phosphoric  acid.  The  solid  residue  consists  of  magnesium  phosphate,  a  highly  concentra¬ 
ted  fertilizer. 
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CORROSION  OF  IRON  IN  HYDROCHLORIC  ACID  IN  PRESENCE  OF 
INHIBITORS  AT  VARIOUS  TEMPERATURES* 


I.  P.  Anoshchenko 

The  S.  Ordzhonikidze  Polytechnic  Institute,  Novocherkassk 


In  many  industrial  processes  (pickling  of  metals,  protection  of  equipment  in  hydrochloric  acid  treatment 
of  oil  wells,  etc.)  use  is  made  of  hot  aqueous  acid  solutions,  which  are  more  corrosive  than  when  cold.  Hydro¬ 
chloric  acid  solutions  of  various  concentrations  are  used  at  different  temperatures  in  various  technological  pro¬ 
cesses,  The  use  of  inhibitors  for  the  protection  of  metals  against  the  action  of  acids  at  elevated  temperatures 
is  therefore  not  only  of  theoretical  but  also  of  great  practical  importance. 

It  is  known  from  practical  experience  and  from  the  literature  [1]  that  most  inhibitors  are  only  suitable  for 
use  at  relatively  low  temperatures  (up  to  70-80°  or  less). 

Balezin  and  his  associates  prepared  substances  stable  at  100-110°  in  15%  hydrochloric  acid  solution  [1], 
However,  15%  is  not  the  highest  concentration  of  hydrochloric  acid  used  in  industry. 

Solutions  of  higher  concentrations  are  also  important  in  practice.  We  therefore  studied  the  effects  of 
certain  inhibitors  on  the  corrosion  of  iron  in  6  N  (20%)  hydrochloric  acid  solution  at  various  temperatures. 

EXPERIMENTAL*  * 

The  polarization-curve  method  was  used  in  the  investigation.  The  taps  connecting  the  electrode  spaces 
in  tlie  apparatus  were  closed  during  the  experiments,  so  that  mixing  of  any  anodic  or  cathodic  products  resulting 
from  polarization  was  prevented.  Platinum  wire  was  used  for  the  auxiliary  electrodes.  A  saturated  calomel 
electrode  was  used  as  the  reference  electrode.  The  polarization  determinations  were  carried  out  at  fifteen 
current  densities  from  0  to  3  •  10"^  amp  /  cm^  . 

The  test  electrode  was  made  from  cylindrical  iron  and  was  8.0  mm  in  diameter.  The  electrode  was  fixed 
in  an  organic  glass  tube  in  such  a  way  that  only  the  lower  end  face  was  used.  The  iron  contained  the  following 
amounts  of  impurities  (in  %):  carbon  0.04,  manganese  0.123,  silicon  0.02,  sulfur  0.02,  and  phosphorus  0.021, 

The  electrode  disk  was  cleaned  with  fine  emery  paper,  degreased  with  French  chalk,  rinsed  with  distilled 
and  redistilled  water  and  hydrochloric  acid,  and  then  polarized  without  agitation  of  tlie  solution,  with  access  to 
air.  Depolarization  was  therefore  of  the  mixed,  hydrogen-oxygen  type. 

Chemically  pure  hydrochloric  acid  was  used,  diluted  with  water  to  6  N  concentration. 

Results  of  polarization  measurements.  Figure  1  shows  potential  —  log  current  density  curves  for  pure  6  N 
hydrochloric  acid  solution,  and  for  the  acid  containing  various  additives  and  combinations  of  these. 

In  the  case  of  the  pure  acid  (Fig.  1),  increase  of  temperature  leads  to  considerable  decreases  both  of 
catliodic  and  of  anodic  polarization,  especially  up  to  40°.  The  stationary  potential  is  shifted  by  27-28  mv  in 
tlie  negative  direction  at  40°.  The  shift  of  stationary  potential  on  further  increase  of  temperature  is  slight:  10-11 
mv  per  20*.  At  20°  the  stationary  potential  is  0.210  v. 


*  Communication  I . 

I.  V.  Zendrovskaya  took  part  in  the  experimental  work. 


It  was  shown  in  one  of  the  author’s  investigations  of  the  influence  of  temperature  on  the  corrosion  of  iron 
in  sulfuric  acid  that,  in  the  case  of  pure  sulfuric  acid,  the  stationary  potential  is  shifted  in  the  positive  direction 
witfi  increasing  temperature,  and  that  this  effect  conforms  (at  least  qualitatively)  to  the  Frumkin  equation  [2]: 


'fc  - 


RT 


(«i  +  Pa)  P 


In  [//•] 


where  cp^ 
given  by 


is  the  stationary  potential,  R  is  the  gas  constant,  T  is  the  absolute  temperature,  and  ai  is  a  constant 
RT 

aj  =  -gp-  (from  the  Tafel  equation).  For  most  metals  is  close  to  0.5, 


Fig,  1.  Variation  of  potential  with  log  cur-  Fig,2, Variation  of  potential  with  log  cur¬ 
rent  density  in  6  N  HCl  solution.  rent  density  in  a  solution  of  6  N  HCl  +  potas¬ 

sium  bromide  (0.05  N). 

I'he  coefficient  connects  the  change  of  the  activation  energy  with  the  change  of  the  electrical  energy 
of  tlie  ion  in  the  forward  reaction  (hydrogen  evolution),  and  62  is  a  coefficient  which  represents  the  change  of 
the  electrical  energy  of  hie  ion  in  the  reverse  reaction  (ionization  of  hydrogen),  62  <  !• 


A=~^ _ 

('*1  +  P2) 

where  and  K2  are  the  rate  constants  for  the  forward  (hydrogen  evolution)  and  reverse  (hydrogen  ionization) 
reactions. 

In  the  case  of  pure  hydrochloric  acid  the  stationary  potential  is  shifted  in  the  negative  direction  on  increase 
of  temperature.  Evidently  the  decisive  role  here  is  played  by  the  CT  anion,  which  is  involved  in  changes  in  the 
nature  of  the  surface  layer  of  the  electrode. 

In  presence  of  potassium  bromide  (Fig.2),  the  stationary  potential  is  already  0.250  v  at  20°.  A  further  shift 
of  potential  by  25  mv  in  the  negative  direction  occurs  only  at  80°, 

Polarization  curves  for  a  solution  containing  3.0  millimoles  of  urotropine  per  liter  are  shown  in  Fig.  3.  The 
presence  of  this  substance  produces  a  shift  of  the  stationary  potential  at  80°  by  more  than  40  mv  in  the  negative 


direction.  It  is  seen  from  tire  curves  that  the  anodic  polarization  is  decreased  much  more  than  the  cathodic 
with  increase  of  temperature.  Thus,  at  30°  and  polarizing  current  density  of  10"^  amp/cm^  the  cathodic  polari¬ 
zation  is  decreased  by  about  65-67  mv,  and  the  anodic  by  130  mv.  This  indicates  that  hexamethylenetetramine 
at  elevated  temperatures  inhibits  the  cathode  process  (ionization  of  oxygen  and  evolution  of  hydrogen)  more  than 
the  anode  process  (ionization, of  iron).  In  other  words,  in  these  conditions  hexamethylenetetramine  or  its  decom¬ 
position  products  [3]  increase  the  cathode  reaction  overvoltage  to  a  greater  extent  than  the  anode  reaction  over¬ 
voltage. 

Addition  of  11.90  g/ liter  (0.1  N)  of  potassium  bromide  to  6  N  hydrochloric  acid  solution  already  contain¬ 
ing  3.0  millimoles  of  urotropine  per  liter  has  little  influence  on  the  course  of  the  polarization  curves.  However, 
if  the  potassium  bromide  content  of  the  solution  is  decreased  to  5.95  g/ liter  (0.05  N),  the  decrease  of  anodic 
polarization  is  somewhat  greater.  In  presence  of  urotropine,  potassium  bromide,  and  acridine  the  difference 
between  the  decreases  of  the  anodic  and  cathodic  polarization  becomes  considerably  less  (Fig.  4).  In  the  simul¬ 
taneous  presence  of  these  additives  the  stationary  potential  changes  little  with  increase  of  temperature.  Only  if 
11.90  g/ liter  (0.1  N)  potassium  bromide  is  present,  the  stationary  potential  is  shifted  in  the  negative  direction 
by  40  mv  at  80°,  and  the  anodic  curve  lies  considerably  above  the  curves  for  lower  temperatures.  It  must  also 
be  noted  that  with  increase  of  the  polarizing  cathodic  current  (above  10“®  amp  /cm^)  the  cathodic  curves  for 
different  temperatures  tend  to  converge,  rather  than  diverge  as  is  usually  the  case. 


Fig.  3.  Variation  of  potential  with  log  cur-  Fig.  4.  Variation  of  potential  with  log  cur¬ 
rent  density  in  a  solution  of  6  N  HCl  +  uro-  rent  density  in  a  solution  of  6  N  HCl  +  potas- 

tropine  (3.0  millimoles/ liter).  sium  bromide  (0.05  N)  +  urotropine  (3.0 

millimoles/ liter)  +  acridine  (3.0  millimoles/ 

/  liter). 

Thus,  while  in  the  case  of  potassium  bromide  or  urotropine  or  a  combination  of  the  two  the  coefficient  b 
in  the  Tafel  equation  for  the  cathodic  curves  decreases  from  0.15-0.20  at  20°  to  0,08  and  even  lower  at  80°,  in 
presence  of  acridine  together  with  these  additives  the  coefficient  ^  increases  from  0.30  to  0.40. 

This  effect  suggests  that  as  the  cathodic  polarization  current  increases  and  the  appropriate  potential  (in 
this  instance  negative)  is  reached,  electrochemical  reduction  of  acridine  begins,  and  the  reduction  product  (by 
itself  or  jointly  with  the  other  additives  present)  is  a  better  inhibitor  of  cathodic  depolarization  processes  than 


acridine  itself  under  the  same  conditions.  Dihydroacridine  may  be  such  a  reduction  product.  The  reduction  pro¬ 
cess  itself  may  be  as  follows: 

yCH, 

C(5H4  I  ^6H4 - ►  C0H4  C0H4, 

Xisj/ 

Acridine  Dihydroacridine 

It  was  important  to  determine  the  activation  energy  of  the  corrosion  process.  Gorbachev's  method  [3], 
developed  by  him  for  electrolysis,  was  used  for  this  purpose.  This  method,  as  is  known,  was  successfully  used  by 
Gorbachev  and  his  associates  for  studying  the  influence  of  temperature  on  electrochemical  processes  in  electrol¬ 
ysis  of  common  salt  solutions  and  electrode  position  of  a  number  of  metals. 

The  activation  energy  A  is  calculated  from  the  equation 

A  =  2.303  R  tan  <^, 

where  R  is  tlie  gas  constant  and  (p  is  the  slope  of  the  plot  in  —log  coordinates. 

This  formula  is  used  to  calculate  the  so-called  "effective  energy  of  activation."  The  plot  of  — log  i  as  a 
function  of  1/T  is  usually  presented  in  the  form  of  a  semilogarithm ic  polarization  curve,  with  the  negative 
logarithm  of  current  density  plotted  against  the  polarization.  We  plot  the  values  of  the  electrode  potential 
instead  of  the  polarization.  Therefore  the  result  obtained  with  the  Gorbachev  equation  is,  in  our  case,  not  exactly 
the  "effective"  energy  of  activation,  but  a  quantity  which  we  shall  term  the  "conditional  effective"  energy  of 
activation.  This  quantity  gives  a  relative  measure  of  the  energy  aspect  of  the  corrosion  process. 

Figures  5-8  show  plots  of  —log  i  against  1/T  for  the  cadiode  process  (evolution  of  hydrogen  or  ionization  of 
oxygen)  for  6  N  solutions  of  hydrochloric  acid  alone  and  containing  individual  additives  or  combinations  of  them. 
The  relationship  is  seen  to  be  linear  in  all  the  diagrams.  This  is  in  full  agreement  with  the  data  of  Balezin  and 
Novikov  [4]  who  found  a  similar  relationship  between  corrosion  rate  (expressed  in  g/m^^  hour)  and  temperature. 

A  similar  linear  relationship  between  the  logarithm  of  the  current  density  and  the  reciprocal  temperature  was 
obtained  by  Gorbachev  and  Zhuk  in  a  study  of  the  electrolytic  evolution  of  chlorine  from  common  salt  solutions 
[5]. 

The  slope  of  the  lines  decreases  with  increasing  polarization,  and  the  activation  energy  of  tlie  cathode 
corrosion  reaction  therefore  diminishes.  This  is  probably  associated  with  intensification  of  the  electric  field  at 
tire  electrode  with  increasing  polarization  of  the  latter,  as  was  first  reported  by  Gorbachev  in  the  case  of  electrol¬ 
ysis. 

The  lines  have  the  steepest  slope  when  the  solution  contains  0.05  N  potassium  bromide  (Fig.  6).  The  tangent 
of  the  angle  lies  in  the  range  2.59-2.68  for  electrode  potentials  between  0.275  and  —0.350  v.  Hie  cathode  polari¬ 
zation  decreases  considerably  with  increase  of  temperature  in  presence  of  potassium  bromide. 

The  situation  is  similar  for  6  N  solution  of  pure  hydrochloric  acid  (Fig.  5),  when  only  the  chloride  halogen 
ion  (Cl*)  is  present  in  solution. 

Figure  7  gives  curves  for  hydrochloric  acid  solution  containing  3.0  millimoles  of  hexamethylenetetramine 
(urotropine)  per  liter.  The  tangent  of  the  slope  angle  of  the  lines  in  the  same  coordinates  changes  fairly  sharply, 
from  2.21  to  1.33  over  the  range  of  cathodic  potentials  between  0.250  and  —0.400  v.  There  is  already  an  appre¬ 
ciable  fall  of  cathodic  polarization  at  40°. 

Figure  8  gives  curves  for  a  solution  containing  urotropine  (3.0  millimoles/ liter),  acridine  (3.0  millimoles/ 
/liter),  and  potassium  bromide  (0.05  N)  simultaneously. 

It  is  seen  in  Figure  8  that  the  tangent  of  tlie  slope  angle  of  the  lines  varies  very  strongly,  from  1.46  to  0.25 
over  the  range  of  cathodic  potentials  from  0.250  to  —0.475  v. 

Figure  9  shows  the  variation  of  the  activation  energy  of  the  cathode  process  with  the  electrode  potential. 


Fig.  5.  Variation  of  log  current  Fig.  6.  Variation  of  log  current 

density  with  reciprocal  tempera-  density  with  reciprocal  tempera¬ 
ture  in  6  N  HCl  solution.  ture  in  a  solution  of  6  N  HCl  + 

potassium  bromide  (0,05  N). 

This  relationship  is  linear  within  the  cathodic  polarization  range  studied.  Moreover,  the  activation  energy 
always  decreases  with  increasing  electrode  potential  (polarization).  As  has  already  been  stated,  this  is  explained 
by  intensification  of  the  electric  field  at  the  electrode  with  increasing  polarization. 


Fig.  7.  Variation  of  log  current 
density  with  reciprocal  tempera¬ 
ture  in  6  N  HCl  solution  +  uro- 
tropine  (3.0  millimoles/ liter). 


Fig.  8.  Variation  of  log  current 
density  with  reciprocal  tempera¬ 
ture  in  a  solution  of  6  N  HCl  +  uro 
tropine  (3,0  millimoles/ liter)  + 
acridine  (3,0  millimoles/ liter)  + 
potassium  bromide  (0,05  N). 


421 


Absolute  accuracy  is  not  claimed  for  the  activa¬ 
tion  energy  data  for  the  cathodic  reactions,  but  they 
give  a  correct  general  picture  of  the  effects.  The  ac¬ 
tivation  energy  of  the  corrosion  process  as  a  whole  is 
determined  not  only  by  cathodic  but  also  by  anodic  re¬ 
actions.  The  polarization  curves  (Figs.  1-7)  show  that 
the  anodic  polarization  also  decreases  with  increase  of 
temperature,  and  in  presence  of  the  additives  studied 
and  combinations  of  them  this  decrease  is  considerably 
greater  than  the  decrease  of  cathodic  polarization. 


Fig.  9.  Variation  of  conditional  effec¬ 
tive  activation  energy  of  the  cathode  S  UM  M  A RY 

process  with  electrode  potential  in  so-  2.  The  polarization  curve  method  has  been  used 

lutions.  Iqj.  studying  the  effects  of  potassium  bromide,  urotropine. 

Solutions:  1)  6  N  HCl  +  potassium  bro-  acridine,  and  combinations  of  them,  on  electrode  proces- 

mide  (0,05  N);  2)  6  N  HCl,  3)  6  N  corrosion  of  iron  in  6  N  hydrochloric  acid  solu- 

HCl  +  urotropine  (3.0  millimoles/ liter);  yajious  temperatures  (20,  40,  60,  and  80°). 

4)  6  N  HCl  +  urotropine  (3,0  millimoles/ 

/liter)  +  acridine  (3.0  millimoles/ liter  +  2.  It  is  shown  that  the  stationary  potential  in  6  N 

potassium  bromide  (0.1  N);  5)  6  N  HCl  +  hydrochloric  acid  solution  is  shifted  in  the  negative  direc- 
urotropine  (3.0  millimoles/ liter)  +  potas-  with  increase  of  temperature;  both  the  anodic  and 

sium  bromide  (0.1  N);  6)  6  N  HCl  +  uro-  cathodic  polarization  decrease  considerably. 

tropine  (3.0  millimoles/ liter)  +  acridine  3_  elevated  temperatures  uro- 

(3.0  millimoles/ liter)  +  potassium  bro-  tropine  has  a  considerably  stronger  retarding  effect  on  the 

mide  (0,05  N);  7)  6  N  HCl  +  urotropine  cathodic  reaction  of  solution  of  iron  in  the  acid. 

(3.0  millimoles/ liter)  +  potassium  bro¬ 
mide  (0.05  N),  4.  It  is  shown  that  when  potassium  bromide,  uro¬ 

tropine,  and  acridine  are  present  simultaneously  in  the 


acid  solution,  the  differences  of  cathodic  polarization  at  different  temperatures  decrease  with  increase  of  the 
polarizing  current  (above  10”®  amp  /cm®), 

5.  The  "conditional  effective  activation  energy"  of  the  cathode  process  has  been  determined  by  Gorbachev’s 
method.  It  is  shown  that  the  activation  energy  decreases  with  increase  of  electrode  potential. 
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ELECTROLYTIC  PRODUCTION  OF  THE  F O UR- C OM PO NE NT  ALLOYS 
NICKEL-IRON-MOLYBDENUM-M  ANG  ANESE  AND 
NICK  EL -IRON-MOLYBDENUM -COPPER 


T.  F.  Frantsevich-Zabludo vskaya  and  K.  B.  Kla dnitskaya * 
Institute  of  General  and  Inorganic  Chemistry,  Acad.  Sci.  Ukrainian  SSR 


A  method  for  the  electrolytic  production  of  ternary  alloys  of  molybdenum  with  nickel  and  iron  was  de¬ 
veloped  by  us  earlier  [1],  The  alloys  of  this  type,  which  are  molybdenum  Permalloys,  may  be  used  for  special 
purposes,' including  the  production  of  soft  magnets  by  the  methods  of  powder  metallurgy. 

According  to  the  literature,  the  magnetic  properties  of  these  alloys  are  improved  by  introduction  of  0.5<yo 
of  manganese  or  copper  [2].  Much  more  homogeneous  articles  can  be  obtained  by  the  use  of  solid  solutions 
instead  of  mixtures  of  powders.  The  production  of  four-component  alloys  by  electrolytic  deposition  has  not  been 
described  in  the  literature. 

The  possibility  has  been  examined  in  the  present  investigation  of  the  electrolytic  production  of  four-com¬ 
ponent  nickel-iron-molybdenum -manganese  and  nickel- iron-molybdenum -copper  alloys  of  constant  composi¬ 
tion  by  the  technological  procedure  used  for  the  production  of  ternary  nickel-iron-molybdenum  alloys. 

Very  little  information  has  been  published  on  the  electrolytic  deposition  of  manganese  alloys.  Gritzan 
and  Tsvetkov  [3]  studied  the  production  of  nickel-manganese  and  chromium -manganese  alloys;  in  the  paper  by 
Clark  and  Leitzke  [4]  reference  is  made  to  the  electrolytic  production  of  a  manganese-tungsten  alloy  contain¬ 
ing  14<7o  of  tungsten. 

The  electrolytic  deposition  of  copper  alloys  has  been  extensively  described  in  the  literature.  Most  inves¬ 
tigations  related  to  brass,  and  copper-nickel  [5],  copper-nickel- zinc  [6],  and  copper-iron-nickel  [7]  have  also 
been  studied. 

Copper  and  manganese  both  form  complex  compounds  with  hydroxy  acids,  and  it  was  therefore  thought 
possible  diat  they  might  be  deposited  together  from  citric  acid  electrolytes,  used  by  us  for  production  of  the 
ternary  alloy  [1], 

Nickel  must  be  the  principal  metal  in  the  alloys.  The  contents  of  copper  or  manganese  must  lie  in  the 
range  of  0.4-0.670.  The  laboratory  electrolytic  equipment  and  the  composition  and  preparation  of  the  ammoniacal 
citrate  electrolyte  for  production  of  three-component  alloys  were  described  previously  [8].  Manganese  was  added 
to  this  electrolyte  in  the  form  of  the  sulfate.  The  electrolysis  was  carried  out  in  circulating  electrolyte,  with 
nickel-iron-molybdenum  anodes  free  from  manganese  and  copper,  at  a  cathode  current  density  of  15  amp  /dm*. 
The  duration  of  each  experiment  was  two  hours. 

The  nickel,  iron,  and  molybdenum  contents  of  the  electrolyte  were  kept  constant  in  all  the  experiments. 

It  was  established  in  preliminary  experiments  that  the  manganese  content  of  the  electrolyte  should  be  2.5 
g/ liter,  and  that  the  manganese  contents  of  the  cathode  deposits  obtained  in  parallel  experiments  with  separate 
portions  of  freshly  prepared  electrolyte  had  the  reproducible  value  of  0.57o.  It  was  found,  however,  that  in 
repeated  experiments  with  the  same  portion  of  electrolyte  the  manganese  content  of  the  alloy  rose  continuously 
despite  the  fact  that  the  electrolyte  composition  was  not  adjusted  for  manganese,  and  the  concentration  of  the 


•  The  cathodic  deposits  were  analyzed  by  L.  A.  Voloshchenko  and  M.  B.  Kladnitskaya. 
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latter  gradually  fell.  The  manganese  in  the  cathode  deposits  and  the  electrolyte  was  determined  by  the  persul¬ 
fate-silver  method.  The  results  of  this  series  of  experiments  are  given  in  Table  1. 

This  behavior  of  manganese  may  be  attributed 
to  a  change  of  the  form  in  which  it  is  present  in  the 
electrolyte.  Our  suggestion  is  that  oxidation  of  man¬ 
ganese  in  an  alkaline  medium  occurs  here,  both  by 
atmospheric  oxygen  and  possibly  also  by  atomic 
oxygen  liberated  at  passive  regions  of  the  anode. 

The  oxidation  does  not  proceed  to  the  highest,  but 
only  to  an  intermediate  valency  state,  i.  e.,  to  the 
tri-  or  quadrivalent  form.  It  was  to  be  expected 
that  introduction  of  manganese  in  this  form  into  the 
electrolyte  might  stabilize  the  composition  of  the 
alloy,  as  was  found  by  us  to  be  the  case  for  iron  [1]. 

Of  the  manganese  compounds  of  intermediate 
valency  states,  only  the  dioxide  could  be  used,  as 
salts  of  trivalent  manganese  are  highly  unstable 

compounds  which  do  not  exist  in  the  free  state. 

Manganese  dioxide  is  insoluble  in  water,  but  Shilov  [9]  reports  that  it  is  soluble  in  presence  of  hydroxy 
acids.  We  used  a  solution  of  sodium  citrate  acidified  with  citric  acid  to  pH  6-7  for  dissolving  freshly  precipitated 
manganese  dioxide.  The  solution  process  was  continued  until  carbon  dioxide  began  to  be  evolved,  indicating  re¬ 
duction  of  manganese  by  citric  acid;  at  this  point  ammonia  was  added  to  the  solution  until  a  faint  odor  was  per¬ 
ceptible,  as  manganese  is  not  reduced  in  an  alkaline  medium.  The  insoluble  residue  was  filtered  off.  The  solu¬ 
tion  so  obtained  had  a  brown  color,  which  turned  to  reddish  brown  on  slight  acidification  by  mineral  acids;  accord¬ 
ing  to  Shilov  [9]  the  latter  is  the  color  characteristic  of  complex  compounds  of  trivalent  manganese.  The  total 
manganese  in  the  concentrated  solution  so  obtained  was  determined  as  described  above. 

A  calculated  volume  of  tliis  solution  was 
introduced  into  the  electrolyte.  Preliminary  ex¬ 
periments  showed  that  the  manganese  content  of 
the  electrolyte  should  be  about  0.2  g/  liter.  This 
large  difference  between  the  concentrations  of  bi- 
and  quadrivalent  manganese  to  give  0.5%  in  the 
alloy  confirms  our  view  that  the  continuous  increase 
of  the  manganese  content  of  the  alloy  described 
above  is  the  result  of  its  oxidation  in  the  electrolyte. 

The  results  of  a  series  of  experiments  with  one 
portion  of  electrolyte,  in  which  the  concentrations 
of  all  the  components,  including  manganese,  were 
maintained  constant,  are  given  in  Table  2. 

It  is  seen  from  the  results  in  Table  2  that  despite  the  constant  concentration  of  manganese  (0.2  g/ liter)  in 
the  electrolyte,  its  content  in  the  alloy  progressively  decreases.  Evidently  manganese  is  reduced  during  electrol¬ 
ysis  to  the  bivalent  state  by  the  atomic  hydrogen  evolved  at  the  cathode. 

We  attempted  to  eliminate  the  effects  of  reduction  by  simultaneous  addition  oxidation  of  manganese  during 
electrolysis  by  a  current  of  air  blown  through  the  electrolyte.  It  was  found  (Table'  3)  tliat  although  the  man¬ 
ganese  content  of  the  alloy  decreased,  it  did  so  to  a  smaller  extent,  namely  from  0.61%  to  0.32%  (compare  with 
Table  2).  As  the  amount  of  air  blown  through  during  electrolysis  was  evidently  not  sufficient,  the  electrolyte  was 
given  an  additional  air  treatment  for  two  hours  before  electrolysis.  This  gave  good  results,  as  can  be  seen  from 
the  data  in  Fig.  3  (Experiments  7,  8,  and  11-13), 

Air  was  not  blown  through  before  Experiments  9,  10,  and  14  (Table  3);  this  resulted  in  a  decrease  of  the 
manganese  content  of  the  alloy. 


TABLE  2 


Effect  of  Reduction  of  Manganese  in  the  Electrolyte 
on  Its  Content  in  the  Alloy 

Manganese  content  in  alloy  (in  %)  in  experiments  No. 


1  2 

3 

4 

5 

e  1 

7 

1 

0.68  0.62 

0.54 

0.52 

0.29 

0.20 

0.12 

TABLE  1 

Variation  of  Manganese  Content  in  the  Alloy 
(Manganese  content  in  electrolyte  before  Experiment 
No.l  was  2,47  g/  liter,  and  before  Experiment  No.2, 
2.12  g/  liter) 

Manganese  content  in  alloy  (in  %.)  in  experiments  No. 

1  2  13  4  16  6  7 


0.58  1.16  1.54  1.80  2.12  2.42  2.84 


TABLE  3 


Effect  of  a  Current  of  Air  Blown  Through  the  Electrolyte  on  tire  Manganese  Content  of 
the  Alloy 


Manganese  content  in  alloy  (in  <yo)  in  experiments  No, 


1 

2 

3  1  4 

1 

5 

6 

8 

9 

10 

1 

11  1 

12 

13 

14 

15 

0.61 

0.55 

1 

0.54  |0.40 

1 

0.34 

0.32 

j 

0.55 

0.G5 

0.58 

0.21 

0.33 

0.57 

0.62 

0.37 

0.90 

An  examination  of  the  data  in  Tables  2  and  3  shows  that  the  falls  and  rises  of  the  manganese  content  of 
the  alloy  caused  by  reduction  and  oxidation  processes  in  the  electrolyte  occur  irregularly,  varying  between 
0.01  and  0.2<yo  (absolute).  Moreover,  oxidation  also  occurs  during  long  standing  of  the  electrolyte,  as  is  shown 
by  Experiment  15,  Table  3,  which  was  performed  after  an  interval  of  three  weeks. 

The  reduction  of  the  oxidized  form  of  manganese  during  electrolysis,  and  the  oxidation  by  a  current  of 
air,  were  confirmed  by  the  results  of  potentiometric  titration  of  tlie  electrolyte  with  ascorbic  acid  before  elec¬ 
trolysis,  after  electrolysis  without  air  blow,  and  after  intermediate  air  blow.  Ascorbic  acid  was  chosen  because 
it  is  the  only  reducing  agent  which  acts  in  an  alkaline  medium;  on  acidification  manganese  is  reduced  even 
without  a  reducing  agent. 

We  did  not  succeed  in  determining  the  valence  (three  or  four)  of  the  manganese  in  these  experiments,  but 
some  of  the  titration  curves  showed  2  steps,  in  particular  in  the  original  manganese  solution  and  in  the  electrol¬ 
yte  before  electrolysis.  This  gives  reason  to  believe  that  in  some  cases  a  mixture  of  two  intermediate  valence 
forms  is  involved. 

Although  we  know  that  stepwise  oxidation  or  reduction  of  manganese  occurs  during  electrolysis,  it  is  not 
possible  to  calculate  thermodynamically  or  find  experimentally  any  equilibrium  ratio  of  concentrations  of 
bivalent  manganese  and  manganese  of  some  higher  valence,  because,  first,  the  valence  of  the  oxidized  form  in 
the  solution  (three  or  four)  is  not  known;  second,  the  compositions  of  the  complex  compounds  and  their  stability 
constants  are  not  known;  third,  the  oxidation-reduction  process  of  manganese  is  influenced  by  many  factors 
(anode  passivation,  current  efficiency  with  respect  to  hydrogen,  contact  with  air, etc.)  and  does  not  take  place 
under  equilibrium  conditions. 

The  most  rational  procedure  would  be  to  carry  out  the  electrolysis  with  the  use  of  bivalent  manganese, 
with  the  anode  compartment  separated  off,  but  this  would  completely  change  the  electrolyte  feed  conditions 
and  require  the  development  of  a  different  technological  scheme.  Production  of  a  four-component  alloy  with 
a  predetermined  constant  content  of  manganese  by  the  proposed  scheme  appears  to  hold  little  promise. 

For  production  of  four- component  alloys  containing  copper,  an  electrolyte  of  the  same  type  was  used,  with 
copper  added  as  the  sulfate. 

It  was  found  in  preliminary  experiments  that  for  the  production  of  an  alloy  containing  0.57o  copper  its  con¬ 
centration  in  the  electrolyte  should  be  50  mg/ liter.  A  series  of  experiments  performed  in  laboratory  and  large 
scale  laboratory  equipment  showed  that,  with  a  constant  concentration  of  copper  in  the  electrolyte  (50  mg/ liter) 
the  copper  content  of  the  catliode  deposit  varies  in  the  range  of  0.47-0.62%. 

Copper  in  the  electrolyte  and  in  the  cathode  deposits  was  determined  gravimetrically  by  means  of  the 
Reinecke  reagent  [10]. 

Investigation  of  the  Cathode  Deposits 

Cathode  deposits  of  the  nickel-iron-molybdenum -manganese  alloy  consist  of  a  dense  silvery  white  metal, 
more  difficult  to  break  up  tlian  the  diree-componeiit  alloy.  We  showed  that  the  latter  is  a  solid  solution  of  iron 
and  m.olybdenum  in  nickel  [1],  As  manganese  forms  solid  solutions  with  nickel,  and  also  with  iron,  over  a  wide 
concentration  range  [11],  there  is  reason  to  believe  tliat  manganese  in  tfie  quaternary  alloy  also  enters  the  crystal 
lattice  of  the  solid  solution. 
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Cathode  deposits  of  nickel-^iron-molybdenum -copper  alloy  differ  in  external  appearance  from  both  the 
ternary  and  the  quaternary  alloys  with  manganese.  They  are  less  dense,  are  dark  gray  in  color,  and  tend  to 
form  pointed  dendrites  with  tarnished  points;  these  characteristics  are  more  pronounced  at  higher  current  densi¬ 
ties. 

As  the  copper  content  of  the  cathode  deposits  increases,  they  become  increasingly  dark  and  loose,  and 
have  a  blackened  appearance  when  the  copper  content  reaches  5%,  This  fact,  and  also  data  on  binary  phase 
diagrams  for  iron-copper  and  molybdenum -copper  [11],  indicating  that  copper  does  not  form  solid  solutions 
with  these  metals  and  is  immiscible  with  molybdenum  even  in  the  fused  state,  gave  reason  to  believe  that 
copper  does  not  enter  into  the  solid  solution  but  is  deposited  as  a  separate  phase  with  the  ternary  alloy.  Since 
the  current  density  at  which  the  alloy  is  deposited  is  considerably  above  the  limiting  current  density  for  copper, 
the  latter  should  be  liberated  in  the  form  of  a  loose  deposit;  its  nuclei,  interbedded  anjong  the  nuclei  of  the 
ternary  alloy,  may  loosen  the  structure  of  the  latter. 


Fig.  1.  X-ray  patterns  of  annealed  four-component  alloys, 
a)  Nickel-iron-molybdenum -copper,  b)  nickel-iron-molybdenum-manganese. 


To  determine  the  structure  of  the  alloys,  they  were  studied  by  x-ray*  and  metallographic  methods.  The 
composition  of  the  cathode  deposits  used  for  this  purpose  is  given  below. 

Chemical  composition  of  cathode  deposits  (in  wt.  %) 

Iron  Molybdenum  Manganese  Copper 

22.03  6.80  2.68 

15.6  4.63  -  1.83 

The  x-ray  patterns  shown  in  Fig.  1  were  obtained  by  the  powder  method.  The  specimens  were  previously 
annealed  for  2  hours  in  hydrogen  at  700“  to  remove  internal  stresses.  Unannealed  specimens  were  also  studied; 
these  had  essentially  the  same  structure,  differing  only  slightly  in  the  lattice  constants. 

Lines  for  pure  copper  were  not  found  for  the  copper  alloy;  the  specimen  was  an  a-solid  solution  based  on 
nickel,  with  a  face- centered  cubic  lattice  with  lattice  parameter  3.541  A  (all  the  parameters  were  calculated 
with  extrapolation  for  reflection  angles  of  90“).  Copper  lines  were  distinctly  observed  in  an  intimate  mechanical 
mixture  of  the  powdered  ternary  nickel-iron-molybdenum  alloy  with  2<7o  of  copper  powder.  The  micrograph  of 
a  polished  section  made  from  the  pressed  cathode  deposit  (Fig.  2, a)  only  shows  its  fine  granular  structure. 

Thus,  despite  the  peculiar  form  in  which  the  alloy  crystallizes,  copper  is  not  found  in  it  individually,  and 
it  evidently  enters  the  crystal  lattice  of  the  solid  solution.  Gorbunova  and  Polukarov  [12]  state  that  solid  solu¬ 
tions  can  be  deposited  in  loose  form  if  the  current  density  is  considerably  above  the  limiting  value  for  the  most 
noble  component. 

X-ray  structure  analysis  shows  that  the  cathode  deposit  of  the  nickel-iron-molybdenum -manganese  alloy 
is  a  two-phase  system.  One  of  the  phases,  as  in  the  previous  instance,  is  an  a-solid  solution  based  on  nickel, 

•  The  x-ray  structure  analysis  was  performed  by  V.  S.  Neshpor. 


with  lattice  parameter  3.544  A.  The  second  phase  was  not  identified,  as  the  phase  diagram  of  the  four-compo¬ 
nent  alloy  is  not  known;  it  crystallizes  in  a  face-centered  cubic  lattice  with  parameter  4.06  A. 


a 

Fig.  2.  Micro  structure  of  unannealed  four-component  alloys, 
a)  Nickel-iron-molybdenum -copper,  b)  nickel-iron-molybdenum -manganese. 

The  micrograph  of  a  polished  section  (Fig.  2,b)  made  from  a  piece  of  the  deposit  removed  from  the 
cathode,  clearly  shows  a  layer  structure,  especially  in  the  external  portion.  Islets  of  the  second  phase  are  seen 
against  a  background  of  the  a -phase;  the  nature  of  its  deposition  suggests  that  is  it  deposited  from  a  supersaturat¬ 
ed  solid  solution.  The  a-phase  lattice  parameters  for  the  two  alloys  are  greater  than  for  pure  nickel  but  less 
than  for  the  binary  nickel-molybdenum  alloy  [8].  This  is  quite  understandable,  as  the  content  of  molybdenum, 
which  has  a  considerably  greater  atomic  radius,  in  these  alloys  are  low,  only  5-7<7o,  while  the  binary  alloy 
contained  over  20<7o. 


SUMMARY 

1.  The  possibility  of  electrolytic  production  of  four-component  nickel-iron-molybdenum -manganese  and 
nickel- iron-molybdenum -copper  alloys  has  been  demonstrated. 

2.  It  is  shown  that  manganese  exists  in  different  valence  states  in  the  electrolyte,  leading  to  considerable 
fluctuations  of  its  content  in  the  alloy. 

3.  The  composition  of  the  alloy  containing  copper  remains  constant  with  respect  to  all  four  components; 
this  was  confirmed  in  large  scale  laboratory  experiments. 

4.  X-ray  investigation  of  the  cathode  deposits  showed  that  the  four-component  alloy  with  copper  is  a 
one-phase  solid  solution.  The  alloy  with  manganese  is  a  two-phase  system,  consiting  of  an  a-solid  solution 
based  on  nickel  and  an  unidentified  solid  phase. 
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DECOMPOSITION  POTENTIALS  OF  THE  FUSED  SYSTEMS 


LiCI-KCI  AND  LiCI-BaClg 
A.  A.  Kolotii  and  Yu,  K.  Delimarsky 


Metallic  lithium  is  usually  obtained  by  electrolysis  of  salt  mixtures  containing  lithium  chloride.  For 
example,  Izgaryshev  and  Pletenev  [1],  and  Pletenev  and  Ivanova  [2]  used  the  eutectic  mixture  LiCl— KCl,  which 
melts  at  352°,  for  the  electrolytic  production  of  lithium  [3], 

In  electrolysis  of  fused  salt  mixtures  it  is  necessary  to  take  into  account  the  possible  liberation  of  the 
different  metals  the  ions  of  which  are  present  in  the  fused  electrolyte.  For  example,  the  metallic  litliium 
obtained  by  Izgaryshev  and  Pletenev  [1]  from  the  fused  eutectic  mixture  of  LiClr-KCl  contained  0.28%  of  potas¬ 
sium.  However,  the  use  of  salt  mixtures  rather  than  pure  salts  in  electrolysis  of  melts  has  great  advantages,  as 
in  most  instances  the  conductance  increases,  the  working  temperature  is  lower,  salt  volatility  is  decreased,  and 
the  anode  effect  is  partly  eliminated. 

Investigations  of  decomposition  potentials  of  salt  mixtures  are  of  great  importance  in  relation  to  tech¬ 
nical  electrolysis  processes.  Moreover,  studies  of  I-v  curves  at  various  temperatures  and  electrolyte  composi¬ 
tions  make  it  possible  to  determine  the  nature  of  electrode  processes,  including  electrode  polarization  and 
depolarization  effects.  Depolarization  is  closely  associated  with  the  presence  of  impurities  in  tlie  main  metal, 
as  it  may  be  caused  by  alloy  formation.  Temperature  is  therefore  significant  in  relation  to  the  depolarization 
effect.  The  value  of  the  maximum  current  density  is  determined  from  the  second  inflections  on  I-v  curves. 

The  order  in  which  metals  are  liberated  from  a  salt  mixture  in  electrolysis  can  be  roughly  estimated  from  the 
values  of  the  decomposition  potentials  of  the  individual  fused  salts.  Table  1  gives  the  decomposition  potentials 
[4]  of  certain  chlorides  which  may  be  present  in  electrolytes  used  for  lithium  production. 

It  is  seen  from  Table  1  that  tlie  decomposition  potentials  of  fused  LiCl  and  KCl  are  close  to  each  other. 
The  difference  between  these  decomposition  potentials  increases  with  decreasing  temperature,  as  the  decompo¬ 
sition  potential  of  potassium  chloride  has  a  greater  temperature  coefficient  than  that  of  lithium  chloride. 

Investigations  of  fused  salt  mixtures  have  shown  that  their  decomposition  potentials  are  sometimes  very 
different  from  tlie  values  corresponding  to  the  individual  salts.  This  can  be  attributed  not  only  to  concentration 
changes,  but  also  to  deeper  interaction  between  the  components  of  the  melts  [5]. 

Grothe  and  Savelsberg  [6]  measured  the  decomposition  potentials  of  pure  fused  KCl  and  LiCl  and  of  their 
mixtures  at  various  temperatures.  They  confirmed  that  the  decomposition  potentials  of  LiCl  and  KCl  have 
similar  values  and  found  that  the  temperature  coefficient  is  higher  for  KCl  than  LiCl.  Their  results  differ  some¬ 
what  from  the  data  obtained  by  Devoto,  given  in  Table  1.  Grothe  and  Savelsberg  found  tliat  the  decomposition 
potential  of  pure  lithium  chloride  becomes  higher  than  that  of  pure  potassium  chloride  starting  with  a  tempera¬ 
ture  of  550°.  Some  values  found  by  Grothe  and  Savelsberg  are  given  in  Table  2;  for  example,  tlie  decomposi¬ 
tion  potentials  of  the  system  LiCl-KCl  for  two  compositions  at  different  temperatures.  Grothe  and  Savelsberg 
concluded  that  metallic  lithium  can  be  obtained  from  LiCl-KCl  melts  at  temperatures  below  500°  and  at  low 
KCl  contents. 

Despite  a  number  of  investigations  [4,  6,  7],  the  question  of  the  decomposition  potentials  in  the  system 
LiCl— KCl  remains  obscure.  It  was  therefore  decided  to  study  the  decomposition  potentials  for  the  binary  systems 
LiCl— KCl  and  LiCl— BaCl2  in  relation  to  die  temperature  and  composition. 


TABLE  1 


Decorn position  Potentials  of  Individual  Fused  Chlorides,  From  the  Data  of 
Devoto  and  Lorenz 


Chloride 

Decom¬ 
position 
potential 
at  v) 

j  Melting 

I  temp. 
(in°C) 

|Decompo; 
tential  (in 
perature  ( 

700 

sition  po- 
v) at  tern 

“Q _ 

600 

iE 

iT 

(in  v/degree) 

BaCl, . 

3.21 

960 

3.62 

3.78 

0.0016 

SrClo  .  . . 

3.36 

810 

3.54 

3.70 

0.0016 

KCl . 

3.41 

768 

3.52 

3.68 

0.0016 

LiCl  ....  . 

3.53 

606 

3.41 

3.53 

0.0012 

NaCl . 

3.21 

800 

3.36 

3.49 

0.0014 

CUCI9 . 

3.28 

774 

3.38 

3.52 

0.0014 

MgCl? . 

2.50 

718 

2.51 

2.59 

0.1)008 

TABLE  2 


Decomposition  Potentials  of  LiCl,  KCl,  and  the  System  LiCl— KCl  From  the 


Data  of  Grothe  and  Savelsberg 


Contents 

Tempera¬ 
ture  (°C) 

1 

Decomposition  po¬ 
tentials  (in  v) 

AE 

AT 

(in  v/  degree) 

LiCl 

KCl  j 

T 

II 

0 

100 

800  1 

3.10 

0.00172 

76  1 

25 

600 

3.45 

4.20 

— 

75 

25 

660 

3.10 

3.42 

— 

75 

25  1 

725 

3.08 

j  4.22 

— 

75 

25 

850 

3.08 

3.25 

— 

83 

17 

625 

3.40 

— 

83 

17 

700 

3.02 

3.15 

— 

83 

17 

735 

3.00 

3.12 

83 

17 

800 

2.85 

— 

— 

100 

0 

800 

3.17 

0.00167 

The  system  LiCl— BaClg  has  not  been  studied  previously  in  this  respect,  although  it  is  of  interest,  because 
the  decomposition  potentials  of  LiCl  and  BaCl2  (Table  1)  differ  considerably. 

The  preparation  of  LiCl  and  KCl  was  described  by  us  previously  [8].  Chemically  pure  barium  chloride 
was  recrystallized  from  water  acidified  with  hydrochloric  acid  and  dried  at  room  temperature.  This  salt  was 
then  slowly  heated  witli  a  small  amount  of  NHjCl  in  a  porcelain  crucible  to  380°,  and  then  ignited  for  two 
hours  at  the  same  temperature.  As  BaCl2  is  hygroscopic,  it  was  placed  in  a  bottle  with  a  ground  glass  stopper 
and  kept  in  a  desiccator  over  H2SO4. 

Eutectic  and  equimolar  fused  mixtures  of  LiCl- KCl  and  LiCl-BaCl2  were  prepared  in  sufficient  quantities 
in  porcelain  crucibles  and  then  kept  in  bottles  with  ground  glass  stoppers  over  sulfuric  acid  in  a  desiccator.  The 
eutectic  LiCl— KCl  mixture  contains  60  molar  %  of  LiCl,  and  the  eutectic  LiCl— BaCl2  mixture,  70  molar  %  The 
latter  mixture  melts  at  511°.  Formation  of  compounds  was  not  detected  in  these  systems  [3]. 

The  electrolytic  cell  in  our  experiments  was  a  porcelain  crucible  placed  in  an  electric  crucible  furnace 

2 

3  filled  with  sand.  The  cathode  and  anode  spaces  were  separated  by  means  of  a  hard  glass  test  tube.  The 
electrolyte  level  in  tlie  test  tube  was  higher  than  in  the  crucible.  This  served  as  a  check  that  the  diaphragm  was 
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intact.  The  cathode  was  a  tungsten  wire  insulated  by  a  porcelain  sleeve.  The  graphite  anode  was  inserted  in 
a  porcelain  or  quartz  tube.  The  distance  between  the  electrodes  was  1  cm.  The  temperature  was  measured  by 
a  Pt-Pt-ilh  thermocouple  and  controlled  by  means  of  a  rheostat.  The  thermocouple,  covered  by  a  quartz  sheath, 
was  placed  directly  in  the  melt  at  the  same  level  as  the  electrodes. 

For  halogen  saturation  of  the  anode,  preliminary  electrolysis  was  carried  out  at  4.5  v  for  one  hour,  the 
cathode  was  then  exchanged  and  the  electrolysis  continued  for  five  more  minutes  at  3.5  v.  The  decomposition 
potentials  were  determined  by  the  usual  I-v  curve  method,  described  in  our  earlier  papers  [9].  The  purpose  of 
the  diaphragm  and  of  the  preliminary  electrolysis  was  to  diminish  electrode  depolarization.  Two  or  three  I-v 
curves,  which  showed  good  agreement,  were  plotted  for  each  temperature.  Fresh  electrolyte  was  used  for  each 
different  temperature. 

I-v  curves  for  eutectic  and  equimolar  LiClr-KCl  mixtures  for  three  different  temperatures  are  shown  in 
Figs.  1  and  2.  The  decomposition  potentials  given  in  Table  3  were  determined  from  these  curves. 


TABLE  3 

Decomposition  Potentials  for  the  System  LiCl— KCl 


Eutectic  mixture  (60  molar  ’’Jv  LiCl)  | 

Equimolar  mixture  (50  molar  °j(  LiCl) 

Temperature  i 

Decomposition  poten¬ 
tial  (in  V) 

Temperature 

Decomposition  potential  (in  v) 

CO 

1 

i  ' 

I  II 

CO 

I 

II 

450 

3.3 

450 

3.3 

560 

- 

525 

3.25 

— 

650  ! 

3.1  3.4 

G50 

1 

3.2 

3.45 

Fig.  1.  I-v  curves  for  the 
eutectic  LiCl-KCl  mixture. 
Temperature  (in  “C):  1)  450, 
2)  565,  3)  650. 


Fig.  2.  I-v  curves  for  the  equimolar 
LiCl-KCl  mixture. 

Temperature  (in  ’Q):  1)  450,  2)  525, 
3)  650. 


The  decomposition  potential  of  the  system  LiCl-KCl  decreases  a  little  with  increasing  LiCl  content.  How¬ 
ever,  the  data  in  Table  3  are  inadequate  for  providing  a  definite  basis  for  this  conclusion,  since  the  difference 
between  the  decomposition  potentials  of  the  eutectic  and  equimolar  mixtures  is  not  large.  We  studied  the  mix¬ 
tures  most  suitable  for  practical  electrolysis. 

As  Table  3  shows,  the  first  decomposition  potential  of  the  system  LiCl— KCl  decreases  with  increasing 
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temperature.  However,  tire  decomposition  potential  of  the  system  LiCl— KCl  decreases  more  rapidly  with  in¬ 
crease  of  temperature  than  is  the  case  for  pure  lithium  chloride.  It  is  difficult  to  speak  of  a  temperature  coef¬ 
ficient  in  this  case,  as  depolarization  evidently  occurs  as  the  result  of  alloy  formation.  The  first  potential  prob¬ 
ably  corresponds  to  liberation  of  lithium.  This  is  somewhat  depolarized  owing  to  the  simultaneous  liberation 
of  a  small  amount  of  potassium.  The  I-v  curves  show  the  residual  current  more  clearly  with  increase  of  tempera¬ 
ture,  and  at  650°  the  nature  of  the  I-v  curve  changes  and  a  break  appears  in  it.  The  magnitude  of  the  potential 
corresponding  to  this  break  is  given  in  Table  3.  This  value  is  not  particularly  exact,  because  of  the  considerable 
error  in  extrapolation  to  zero  current  strength. 

Grothe  and  Savelsberg  also  found  second  potentials  on  I-v  curves  for  the  system  liClr-KCl  at  temperatures 
of  600-800°.  This  is  seen  in  Table  2.  However,  it  is  not  clear  from  Grothe  and  Savelsberg's  paper  to  what  the 
first  and  second  potentials  correspond.  According  to  their  conclusions,  the  first  potential  should  probably  be 
attributed  to  liberation  of  potassium,  and  the  second  to  liberation  of  lithium. 


Our  interpretation  of  the  I-v  curves  for  the  system  LiCfKCl  was  based  on  other  considerations.  As  is  seen 
from  the  data  in  Table  1,  the  decomposition  potential  of  KCl  is  higher  than  that  of  LiCl  at  600-800°,  As  the 
temperature  increases,  these  values  come  closer  together  and  then  change  places  at  temperatures  above  500°  [6], 
This  approach  of  the  values  leads  to  liberation  of  potassium  from  the  mixture,  which  is  reflected  in  the  nature 
of  the  I-v  curves. 

This  conclusion  may  be  drawn  from  the  data  of  Neumann  and  Richter  [7],  and  even  of  Grothe  and  Savels¬ 
berg  16].  The  differences  of  the  decomposition  potentials  for  LiCl  and  KCl,  according  to  the  data  of  Grothe  and 
Savelsberg [6],  Devoto  [4,  6],  and  Neumann  and  Richter  [7]  must  be  attributed  to  the  use  of  different  metliods. 

We  consider  Devoto’s  data  to  be  the  most  reliable  [4]. 

Nevertheless,  all  these  authors  found  that  the  temperature  coefficient  of  the  decomposition  potential  of 
KCl  has  a  greater  absolute  value  than  that  of  LiCl,  as  is  seen  from  the  data  below. 

Temperature  Coefficients  of  the  Decomposition  Potentials  of  KCl  and  LiCl 


(in  v/ degree)  Authors 


KCl 

LiCl 

1.51 

.  10“^ 

1.35  .  10-3 

Neumann  and  Richter  [7] 

1.6 

.  10"^ 

1.2  .  10-3 

Devoto  [4,  6] 

1.72 

.  10-® 

1.67.  10-3 

Grothe  and  Savelsberg  [6] 

Fig.  3.  I-v  curves  for  the  eutectic  LiCl--BaCl2 
mixture. 

Temperature  (in  °C):  1)  540,  2)  600,  3)  650, 
4)  710. 


Fig.  4.  I-v  curves  for  the  equimolar 
LiCl-BaClg. 

Temperature  (in  °C):  1)  625,  2)  650, 
3)  675,  4)  730. 
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I-v  curves  for  eutectic  and  equimolar  LiCl— BaCl2  mixtures  are  shown  for  four  temperatures  in  Figs.  3  and 
4.  These  curves  were  used  to  determine  the  decomposition  potentials,  which  are  given  in  Table  4. 


TABLE  4 

Decomposition  Potentials  for  the  System  LiCl— BaClj 


Eutectic  mixture  (70  molar  %  LiCl)  | 

Equimolar  mixture  (50  molar  LiCl) 

Decomposition  poten- 

Decomposition  potential  (in  v) 

Temperature 

tiai  (in  V) 

1 

(°C) 

I 

II 

II 

540 

3.17 

625 

3.2 

600 

2.9 

— 

650 

3.1  ' 

— 

650 

2.7 

3.6 

675 

3.0 

— 

710 

2.5 

3.0 

1 

1 

730 

2.8 

3.1 

It  is  seen  from  Table  4  that  the  decomposition  potentials  for  the  system  LiCl-BaCl2  decrease  with  increase 
of  temperature  and  with  increasing  LiCl  content  in  the  electrolyte.  The  second  breaks  in  the  I-v  curves  are  more 
prominent  for  the  system  LiCl-BaCl2  than  for  the  system  LiCl-KCl,  and  there  is  almost  no  residual  current.  This 
was  to  be  expected,  as  tlie  difference  between  the  decomposition  potentials  of  LiCl  and  BaCl2  is  considerable 
and  depolarization  on  alloy  formation  is  less  prominent.  Approximate  values  of  the  second  potentials  correspond¬ 
ing  to  the  breaks  on  the  I-v  curves  are  given  in  Table  4.  They  also  appear  at  higher  temperatures.  The  absolute 
value  of  the  temperature  coefficient  of  the  decomposition  potential  of  BaCl2,  a.s  of  KCl,  is  greater  than  that  of 
LiCl. 

Thus,  as  is  seen  in  Table  1,  the  decomposition  potential  of  BaCl2  approaches  the  decomposition  potential 
of  LiCl  with  increase  of  temperature.  In  the  region  of  the  break  on  the  I-v  curves  for  the  system  LiCl-BaCl2, 
considerable  amounts  of  barium  are  probably  liberated  together  with  lithium,  although  a  small  percentage  of  it 
is  always  present  in  the  liberated  lithium  in  electrolysis  of  the  system  LiCl-BaCl2. 

It  follows  from  our  results  that  the  systems  LiCl-KCl  and  LiCl— BaCl2  may  be  used  as  electrolytes  in  the 
electrolytic  production  of  lithium  from  fused  media,  but  at  the  lowest  possible  temperature,  as  the  decomposi¬ 
tion  potentials  of  LiCl  and  of  potassium  and  barium  chlorides  approach  the  same  value  with  increase  of  tempera¬ 
ture.  Eutectic  mixtures  are  the  most  suitable  for  electrolysis,  as  they  are  the  most  easily  fusible  and  are  rich 
in  lithium  chloride.  The  eutectic  LiCl-BaCl2  melt  has  the  evident  advantage  that  the  decomposition  potentials 
of  LiCl  and  BaCl2  differ  more  than  the  decomposition  potentials  of  LiCl  and  KCl.  The  second  break  for  the 
system  LiCl-BaCl2  appears  at  considerably  higher  temperatures  (650-710°),  tlran  the  melting  point  of  the  eutectic 
(511'). 

SUMMARY 

1.  In  an  investigation  of  the  decomposition  potentials  of  eutectic  and  equimolar  LiCt-KCl  and  LiC]r-BaCl2 
mixtures  at  various  temperatures  it  was  found  that  the  nature  of  the  I-v  curves  changes  with  increase  of  tempera¬ 
ture,  and  breaks  appear  on  the  curves. 

2.  The  change  in  the  nature  of  the  I-v  curves  occurs  because  the  decomposition  potential  of  LiCl  approaches 
those  of  KCl  and  BaCl2  with  increase  of  temperature,  leading  to  liberation  of  the  second  metal, 

3.  It  has  been  found  that,  for  the  electrolytic  production  of  lithiuni  from  fused  LiCl-KCl  and  LiCl-BaCl2 
mixtures,  eutectic  mixtures  are  the  most  suitable.  The  eutectic  LiCIr-BaCl2  melt  has  tire  advantage  that  the 
difference  between  the  decomposition  potentials  of  LiCl  and  BaCl2  in  the  temperature  range  550-700°  is  approx¬ 
imately  0.21-0.27  V,  while  this  difference  for  LiCl  and  KCl  in  the  same  temperature  range  is  only  0.11-0.17  v. 

A  disadvantage  of  the  system  LiClr-BaCl2  is  its  higher  melting  point. 
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4.  It  is  shown  tiiat  the  electrolytic  production  of  metallic  lithium  from  mixtures  of  chlorides  should  be 
performed  at  the  lowest  possible  temperature. 

R,  L.  Matsyuk  and  L.  A.  Logvina,  to  whom  the  authors  express  their  gratitude,  took  part  in  the  experi¬ 
mental  work. 
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LAWS  GOVERNING  THE  INFLUENCE  OF  PLASTICIZERS  ON  THE  PROPERTIES 

OF  POLYVINYL  CHLORIDE* 

Sh.  L.  Lelchuk  and  V.  I.  Sedlis 
Scientific  Research  Institute  for  Polymer  Plastics,  Leningrad 


The  Effectiveness  of  Plasticizers 

Repeated  attempts  have  been  made  to  correlate  the  properties  of  plasticized  polymers  with  characteristic 
constants  of  the  plasticizers  used  (such  as  viscosity,  temperature  gradient  of  viscosity,  etc.)  [1,  2],  Such  attempts 
have  so  far  been  unsuccessful.  An  attempt  of  this  kind  has  been  made  by  the  authors  in  relation  to  polyvinyl 
chloride  (PVC).  We  give  below  the  regular  relationships  which  have  been  found  between  the  main  properties  of 
PVC  and  one  characteristic  constant  of  the  plasticizer,  by  means  of  which  it  is  possible  to  connect,  by  quantita¬ 
tive  formulas,  data  on  the  properties  of  the  plasticized  compositions  and  the  nature  and  contents  of  the  plasticizer 
used,  and  thus  to  predict  the  properties  of  a  composition  of  known  contents.  These  formulas  give  results  satisfac¬ 
tory  for  practical  purposes. 

The  characteristic  constant  used  for  the  plasticizers  was  the  effectiveness,  which  is  represented  by  the  de¬ 
crease  of  the  glass  transition  temperature  ( ATg)  of  the  composition  as  compared  with  Tg  for  unplasticized  PVC. 

The  decrease  produced  by  addition  of  1  molar  <yo  of  a  plasticizer  is  defined  as  AT„  =  T  ,  —  T  , 

^  g  g  unplast.  g  plast 

PVC.  This  value  has  been  given  the  name  of  the  "effectiveness  number"  (Eff)  of  the  plasticizer. 

We  determined  the  effectiveness  numbers  (Eff)  for  eight  plasticizers  most  commonly  used  for  PVC. 

Plasticizer  Eff  (in  "C) 


Tricresyl  phosphate  (TCP) 

9.4 

Diethyl  phthalate  (DEP) 

,  9.8 

Dibutyl  phthalate  (DBP) 

10.6 

Dioctyl  phthalate  (DOP) 

11.9 

Dibutyl  adipate  (DBA) 

12.4 

Dioctyl  adipate  (DOA) 

13.1 

Dibutyl  sebacate  (DBS) 

13.8 

Dioctyl  sebacate  (DOS) 

15.1 

We  established  the  fundamental  law  that  a  linear  relationship  exists  between  principal  properties  of  plasti¬ 
cized  compositions  and  the  effectiveness  number  (Eff),  of  the  type*,  property  characteristic  =  aEff  +  b,  where  a 
and  b  are  coefficients,  and  Eff  is  the  effectiveness  number  of  the  given  plasticizer.  The  relationships  between 
these  properties  and  the  plasticizer  contents  can  also  be  regarded  as  linear,  with  adequate  accuracy  for  practical 
purposes,  if  the  plasticizer  contents  are  expressed  in  molar  percentages,  understood  to  be  the  number  of  centimoles 
of  a  given  plasticizer  per  "base-mole"  (CH^-CHCl)  of  polyvinyl  chloride,  62.5  g. 

These  tv,'o  fundamental  relationships  have  been  used  to  derive  the  equations  given  below,  for  calculation 
of  the  properties  of  plasticized  PVC. 


♦  Communication  I. 
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M  e  c  h anical  Data.  Tensile  S  trength  5 


().3r/  (0.3Eff—  1.84) 


k^cm2 


(I) 


where  n  is  the  plasticizer  content  (in  molar  %),  and  Eff  is  its  effectiveness  number. 
Rela  ti  ve  Elonga  tion  at  Break  Al 


A/  =  A/o  (3.4n  —  8.4)  (0.19Eff-  0.7)%. 


(11) 


Elasticity  Modulus  at  100%  Elongation  Eipp 


E, 


E 


(«-2.3)(l3.7(iEf^l08.24) 


kg/ cm 


(III) 


Frost  resistance  and  heat  resistance.  If  the  composition  contains  n  molar  %  of  a  plasticizer  of  effectiveness 
number  iff,  the  decrease  of  glass  transition  temperature  is  given  by  the  formula 


A?;^^  ==(0.55n  -f  3.5)Eff, 


and  tire  corresponding  Tg 


for  tlris  composition  will  be; 


^g=''g«('^-55«  +  3.5)Eff 
7’g=fi.50-(().55n  +  3.5)Eff. 


(IV) 


(V) 


(Va) 


The  frost  resistance  may  be  characterized  by  the  value  of  Tg  which,  if  it  does  not  coincide  with  the  values 
of  frost  resistance  determined  by  standard  technical  methods,  is  comparable  with  them.  The  frost  resistance  is 
therefore  given  by  Equation  (Va)  where  65“  is  Tg.  for  pure  PVC. 


The  heat  resistance  Tj^,  by  the  Martens  test  is  given  by  the  formula 


7'h  =7’o— «Eff. 


(VI) 


The  electrical  volume  resistivity  is  calculated  by  the  formula 

Pv 

Pv  ==  •  (1.800  —  0.1 19Eff)  •  cm  at  20“ . 


(VII) 


This  formula  is  applicable  only  at  high  plasticizer  contents,  for  n  >  6  molar  %. 
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Moisture  permeability  P.  The  moisture  permeability  constant  P  at  20°  is  iven  by  the  formula 


P  =  Pi)  (0.9«  —  1.7)  (0.26rEff—  2.126) g/ cm  •  hour*  mm  Hg 


(VIII) 


Zero  subscripts  indicate  the  corresponding  data  for  unplasticized  polyvinyl  chloride,  v/hich  have  the  follow¬ 
ing  averagevalues:  6o  =  550  kg/ cm*  ,  AIq  =  10<7o,  Eiqq  =  32000  kg/cm^,  Tg^  =  65°C,  Tq  (Martens)  =  78*,  Tq 
(Vicat)  =  108°,  Pvg  "  10^®Q  •  cm,  at  20°;  Pq  =  0.5  •  10“®  g/cm.houj.mm  Hg. 

TABLE  1 


Comparative  Data  on  Properties  of  Plasticized  Compositions,  Calculated  From  Formulas 
(I-VIII)  and  Found  Experimentally  (The  numerical  values  given  represent  average 
values  of  at  least  three  determinations) 


N 

6  (in  1 
kg/cm*)i 

A1 

(in  %) 

Eioo(in 

kg^cm*) 

T 

(in  °C) 

'Th.  . 

(in‘ 

'C) 

P  V  (in  ohm  ^cm  j 
at  20*)  1 

P.  10* 

(cm  •  hr.  mm  Hg) 

•a 

(/) 

s:  1 

T  I 

-H  QJ 

"O 

% 

o 

u. 

S-J 

<u. 

-o 

a 

d 

o 

Calcu¬ 

lated 

-a 

o 

UU  ' 

»  t 

3  'O 

0^1 

TJ 

§ 

£ 

Calcu 
la  ted 

c 

3 

O 

u. 

Calculated 

Found 

Calcu¬ 

lated 

a 

3 

o 

lu 

TCP 

234 

227 

203 

2ia!267 

200 

—  9 

1 

— 10l33 

32 

3.8-1013** 

8-1013** 

].0 

0.92 

DEP 

208 

2321 

218 

228 

— 

— 

— 

— 

— 

— 

— 

— 

1.30 

1.18 

DBP 

171 

176 

247 

240 

151 

123 

-19 

—20 

23  1 

23 

3.3-1013 

2.5-1013 

1.37 

1.33 

DOP 

132 

157 

293 

275 

111 

108 

—29 

—30 

i|> 

2.3-1013 

1.3-1013 

2.82 

1.93 

DBA 

122 

128 

312 

340 

■  — 

— 

— 

— 

— 

— 

— 

— 

3.19 

2.67 

DOA 

105 

96 

347 

380 

— 

— 

— 

— 

— 

— 

1.9-1013 

3.2-1013 

3.70 

3.30 

DBS 

99 

112 

360 

340 

105 

100 

— 

— 

— 

— 

— 

4.21 

4.62 

DOS 

86 

i 

1 

76 

408 

420 

103* 

100* 

—54 

—56 

^gi|iDii|cik 

50**** 

0.2-1012*** 

1- 

.lOis*** 

5.15 

6.32 

*  For  n  =  5.4  molar 

•  •  For  n  =  8.5  molar  . 

♦  *  *  For  n  =  7.3  molar  *70. 

*  *  •  *  For  n  =  2  molar 

Table  1  gives  the  values  for  the  above  properties  of  PVC  compositions  calculated  from  Formulas  (I-VIII) 
and  found  experimentally  for  compositions  containing  8  molar  %  of  the  various  plasticizers. 

The  results  given  by  the  formulas  are  seen  to  be  only  approximate.  For  most  of  the  values,  however,  the 
differences  between  the  calculated  and  experimental  results  are  within  the  accuracy  limits  of  the  test  methods 
themselves. 

It  is  seen  from  the  foregoing  formulas  and  examples  that  the  values  for  the  properties  of  plasticized  com¬ 
positions  bear  a  linear  functional  relationship  to  the  plasticizer  effectiveness,  characterized  by  the  effectiveness 
number  (Eff). 

The  fact  that  the  effectiveness  number  is  a  characteristic  constant  of  a  plasticizer,  which  closely  reflects 
its  interaction  with  the  polymer,  is  also  confirmed  by  the  following  considerations:  the  effectiveness  number  is 
closely  associated  with  the  plasticizer  structure  —  its  chain  length  (number  of  atoms  in  the  chain  and  its  chemi¬ 
cal  structure)  —  and  can  be  calculated  with  the  aid  of  the  following  linear  equation. 

For  plasticizers  with  aliphatic  chains  Eff  =  0.22m  +  9.2,  where  m  is  the  number  of  C  atoms  in  the  plasti¬ 
cizer  chain. 


Values  of  Eff  (in  °C) 


Plasticizer 

C  atoms  in 

chain 

Calculated 

Found 

DBA 

14 

12.28 

12.4 

DOA 

22 

14.0 

13.8 

DBS 

18 

13.2 

13.1 

DOS 

26 

14.9 

15.1 
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For  plasticizers  vvitli  aromatic  chains  Eff  =  0.175m  +7.7 


Values  of  Eff  (in  °C) 


C  atoms 


Plasticizer 

in  chain 

Calculated 

Found 

DEP 

12 

9.81 

9.8 

DBP 

16 

10,5 

10.6 

OOP 

24 

11.9 

11.9 

The  above  general  relationships  and  considerations  also  proved  valid  for  a  plymeric  plasticizer,  butadiene- 
acrylontriile  copolymer,  and  also  for  vinyl  chloride  copolymers  if  the  second  monomer  is  regarded  as  a  plasti¬ 
cizer,  and  the  co polymerization  process  as  "internal  plasticization";  in  such  cases  tlie  content  of  the  second 
monomer  should  be  expressed  in  molar  %  (centimoles)  per  1  mole  of  vinyl  chloride. 

The  effectiveness  numbers  Eff  for  certain  vinyl  chloride  copolymers  are  given  in  Table  2. 

The  applicability  of  the  above  relationships  to  these  copolymers  is  illustrated  by  the  data  in  Table  3, 
where  experimental  values  and  values  calculated  from  Formula  (VI)  for  T^  by  the  Martens  test  are  compared. 


TABLE  2 


Effectiveness  Numbers  (Eff)  of  Vinyl  Chlo¬ 
ride  Copolymers 


Contents  of 

Heat  resistance 

Second 

second  mono- 

U 

0 

a 

monomer 

mer  (in  molar 

Calcu- 

<70 

la  ted 

Found 

VA  .... 

2.8 

75 

76 

MA  .  .  . . 

5.5 

71 

71 

EA  .... 

5.9 

65 

67 

BA  .... 

4.0 

60 

60 

OA  .... 

3.7 

53 

53 

TABLE  3 

Heat  Resistance,  by  the  Martens  test,  of  Vinyl 
Chloride  Copolymers 


Second 

monomer 

Contents  of  I 
second  mono¬ 
mer  (in  molar 

1c) 

Eff  (in  "O 

Vinylacetate 

(VA) 

2.8 

0.99 

Methylacrylate 

(MA) 

5.5 

1.3 

Ethyl  acrylate 
(EA) 

1 

5.9 

2.2 

Butyl  acrylate 
(BA) 

4.0 

4.5 

Octyl  acrylate 
(OA) 

3.7 

9.7 

Our  data  on  the  physicomechanical  properties  of  plasticized  polyvinyl  chloride  and  other  polymers  show 
that  Zhurkov’s  rule  [3]  concerning  the  equivalence  of  tlie  effects  produced  by  equimolecular  amounts  of  different 
plasticizers  is  not  confirmed,  at  least  for  the  plasticizers  tested.  The  effectiveness  of  a  plasticizer  definitely 
depends  on  the  chemical  composition  and  molecular  weight,  and  not  only  on  the  molar  ratio  of  plasticizer  to 
polymer. 

Interchangeability  of  plasticizers 

It  is  often  necessary  in  practice  to  substitute  one  plasticizer  for  another  in  compositions  based  on  poly¬ 
vinyl  chloride  (PVC).  The  question  of  the  equivalent  amounts  of  plasticizers  producing  equal  effects  arises. 
Certain  French  workers  [4]  suggest  that  tliis  equivalent  should  be  taken  as  the  amount  of  plasticizer  required  to 
confer  the  same  elastic  modulus  to  the  composition  at  a  definite  temperature.  The  measure  adopted  by  them 
for  plasticizer  effectiveness  is  the  value  of  the  elastic  modulus  of  the  composition  at  a  definite  temperature, 
with  a  definite  weight  proportion  of  the  plasticizer.  By  our  definition  of  plasticizer  effectiveness,  we  take  the 
criterion  in  substitution  of  one  plasticizer  for  another  to  be  the  decrease  of  the  glass  transition  temperature  (Tg) 
of  the  composition  produced  by  a  definite  amount  of  plasticizer;  iij  and  for  two  plasticizers  with  effectiveness 
numbers  Effi  and  Eff2  respectively  are  termed  equieffective  if  they  result  in  equal  decreases  of  the  glass  transi¬ 
tion  temperature,  i.  e.,  equal  values  of  ATg,  represented  by  Formula  (IV). 
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If  the  ratio  of  the  effectiveness  numbers  Eff2/Effi  is  represented  by  K,  i.  e.,  Effg/Effi  =  K,  then  the  equi- 
effective  amount  of  a  plasticizer  with  effectiveness  number  Eff2  can  be  found  from  the  formula: 


«2 


nj— 6.4(A:  — 1) 
K 


(IX) 


Thus,  if  a  composition  contains  nj  =  8.5  molar  %  of  tricresyl  phosphate  (TCP),  which  corresponds  to  50 
parts  of  TCP  to  100  parts  of  PVC  by  weight,  and  if  it  is  necessary  to  replace  TCP  by  dioctyl  sebacate  (DOS), 
the  equieffective  amount  n2  of  DOS  will  be: 


Mg 


8.5 -6.4  {K  -  1) 


K 

i^_Eff>_  ^5.1 
^  9.4 

8.5— 6. 4  (1.6 
W2  =  — 


.1.6 


1) 


1.6 


=  2.9 


so  that  the  amount  of  DOS  to  be  taken  is  2.9  molar  %  or  about  20%  DOS  on  the  weight  of  PVC. 
To  check  this  result; 


n^  =  8.5  molar  %  TCP  gives  ATg  =  (0.55  •  8.5  +  3.5) .  9.4  =  IT, 
n2  =  2.9  molar  %  DOS  gives  ATg  =  (0.55  •  2.9  +  3.5)  •  15.1  =  77*, 

so  that  these  amounts  are  equieffective. 

It  is  evident  that  amounts  of  plasticizers  which  are  equieffective  with  respect  to  the  decrease  of  the  glass 
transition  temperature  need  not  be  equieffective  with  respect  to  other  properties,  such  as  electrical  insulation 
characteristics,  and  detailed  studies  of  equieffective  amounts  of  plasticizers  in  this  connection  may  lead  to 
interesting  and  useful  results. 

As  is  known,  aliphatic  plasticizers  such  as  sebacates,  adipates,  etc.,  are  widely  used  for  the  production  of 
compositions  with  good  frost  resistance.  These  plasticizers  are  more  effective  with  regar  to  PVC  than,  for 
example,  tricresyl  phosphate,  which  is  regarded  as  the  least  useful  plasticizer  from  the  point  of  view  of  con¬ 
ferring  frost  resistance  and  low  temperature  flexibility. 

Let  us  consider  a  formulation  for  a  cable  sheath  (insulation)  containing  =  7.3  molar  %  of  dioctyl  seba¬ 
cate.  This  composition  has  a  frost  resistance,  which  we  characterize  by  Tg  ,  of  about— 50". 

ATp  =  (0.55  .  7.3  +  3.5)  •  15.1  =  113.4°, 

Tg  =  65°  —  1 13.4°  =  —  48!4. 

It  is  necessary  to  find  the  equieffective  amounts  of  other  plasticizers  and  to  select  the  one  which  gives  the 
maximum  volume  resistivity  py  . 

Table  4  gives  values  for  n2  of  plasticizers  equieffective  to  n^  =  7.3  molar  %  DOS,  and  also  the  correspond¬ 
ing  values  of  other  properties  -  volume  resistivity  p y  ,  tensile  strength  a,  and  moisture  permeability  coeffi¬ 
cient  P. 

It  is  seen  that  the  formulation  with  7.3  molar  %  DOS  is  by  no  means  the  best.  Better  dau  are  found  for 
formulations  with  equieffective  amounts  of  TCP,  DEP,  DBP,  and  DOP.  The  best  data  are  found  for  the  formula¬ 
tion  with  the  equieffective  amount  of  TCP  (n2  =  15.6  molar  %,  corresponding  to  92  wt.%  on  the  PVC).  This 
composition  has  approximately  the  same  frost  resistance  (about— 50"),  much  higher  volume  resistivity  (py  = 

=  1.73  •  10^  as  against  2  •  10^^),  higher  tensile  strength,  and  a  considerably  lower  coefficient  of  moisture 
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TABLE  4 


Properties  of  PVC  Compositions  Containing  Equieffective  Amounts  of  Different  Plasticizers 
(Amounts  Equieffective  to  7.3  molar  DOS) 


Ph.sticizer 

1 

K  1 

'l2 

(molar  <7() 

.  Py 

(•n  ohm  •  cm 

— 

■^g 

(in  “0 

1 

Tricresyl  phosphate 
(TCP) 

0.022 

1 5.0 

1.73  •  10l'‘> 

114 

484 

2.24 

—48.0 

Diethyl  phthalate(DEP' 

1  0.649 

14.7 

1.72  .  101;' 

113 

483 

2.25 

—48.5 

Dibutyl  phthalate 
(DBP)  ■ 

0.702 

19.1 

1.7  •  lO'-'i 

105 

473 

3.44 

—48.4 

Dioctyl  phthalate 
(DOP) 

0.788 

11.0 

1.5  .  1013 

98 

453 

4.22 

—48.0 

Dibutyl  adipate 
(DBA) 

Dioctyl  adipate 

0.821 

0.867 

10.3 

1.32  .  1013 

1.10-  lO'  i 

91 

94 

464 

452 

3.80 

—48.0 

u 

Dibutyl  sebacate 
(DBS) 

9.4 

4.55 

—48.0 

0.914 

8.(i0 

9.9  .  10'-’ 

95 

361 

4.21 

—48.0 

Dioctyl  sebacate 
(DOS) 

1 

7.3 

2  •  10" 

70 

3.50 

4.57 

—48.4 

permeability  (P  =  2.24  •  10"®  as  against  4.57  •  10"®).  All  this  makes  the  composition  undoubtedly  preferable 
for  cable  insulation.  Moreover,  TCP  itself  has  a  number  of  technical  advantages:  very  low  volatility,  low 
tendency  to  migration  and  leaching,  and  good  compatibility  with  PVC.  The  only  feature  which  might  be 
regarded  as  a  disadvantage  is  the  high  content  (iig  =  15.6  molar  <7(.or  92  wt.<yo,  instead  of  7.3  molar  %  or  50  wt.<7o 
of  DOS)  but  even  this,  in  view  of  the  good  compatibility  of  TCP  with  PVC,  is  an  advantage  rather  than  a  dis¬ 
advantage,  as  it  can  only  assist  better  homogenization  of  the  mixture  and  lower  the  rolling  and  injection  tem¬ 
peratures.  From  the  economic  standpoint,  it  is  necessary  to  compare  the  cost  of  92  parts  by  weight  of  TCP  witli 
50  parts  by  weight  of  DOS  —  a  very  costly  product,  in  short  supply.  Thus,  if  not  merely  one  but  a  combination 
of  several  characteristics  is  taken  into  consideration,  a  formulation  witli  15,6  molar  7o  TCP,  which  is  considered 
as  the  least  suitable  plasticizer  for  frost  resistant  compositions,  is  the  best  for  such  products  as  cable  sheatlis, 
moisture-proof  films,  etc.,  i.e.,  if,  in  addition  to  frost  resistance,  strength,  extensibility,  low  moisture  permeabil¬ 
ity,  high  electrical  resistance,  and  low  flammability  are  important. 


Mixed  Plasticizers 

In  practice,  polyvinyl  chloride  is  often  plasticized  with  two  or  more  plasticizers,  for  example  a  less  and 
a  more  compatible,  or  a  less  and  a  more  effective.  Our  formulas  for  calculation  of  the  physicomechanical 
properties  of  plasticized  PVC  compositions  are  also  applicable  to  mixtures  of  plasticizers. 

Such  a  mixture  should  be  regarded  as  a  homogeneous  individual  plasticizer  with  a  certain  average  effec¬ 
tiveness  number.  This  is  calculated  from  the  effectiveness  numbers  of  the  individual  components  and  the 
amounts  of  them  present  in  the  mixture 


Eff, 


mixture 


n^Effj  +  n2Eff2  +  n^Effg  +  ,,, 

Ui  +  112  +  113  +  ... 


(X) 


Such  mixtures  often  confer  a  better  coipbination  of  properties  to  the  composition  than  equal  amounts  of 
any  of  the  individual  components. 

Consider  the  following  example:  v/e  liave  a  PVC  cor“' position  with  n  =  9  molar  %  TCP;  in  another  compo¬ 
sition  4  molar  <7o  of  TCP  is  replaced  by  DOP,  the  total  plasticizer  contents  being  9  molar  %  in  both  cases.  We 
find  the  effectiveness  number 
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Eff, 


mixture— 


5  •  9.4  4  .  11.9 

5  +  4 


-=  10.5, 


i.e.,  the  effectiveness  of  the  mixture  is  approximately  the  same  as  that  of  DBF  (10.6),  but  this  mixture  is  superior 
to  DBF  in  having  much  lower  volatility  and  lower  tendency  to  migration  which,  as  is  known,  is  a  serious  defect 
of  DBF. 


TABLE  5 


Froperties  of  Composition  with  Mixed  Flasticizers 


Flasticizer 

T  I 

g(in"c| 

1  p  V 

1  (in  ohm  •  cm) 

F-IO® 

(in  g/cm+r*  mm  Hg) 

1 

TCF 

—14 

3.4  .  1013 

1.67 

DOF 

-41 

1.2  .  1013 

3.29 

TCF  +  DOF* 

—  24 

2.8  •  1013 

i 

2.10 

1 

•  Mixture  of  5  molar  %  TCF  and  4  molar  <7o  DOF. 

Some  properties  of  a  composition  containing  a  mixture  of  plasticizers,  with  a  total  plasticizer  content  of 
molar  %  are  given  in  Table  5. 

The  formulation  based  on  a  mixture  of  TCF  and  DOF  is  superior  to  the  composition  containing  TCF  only, 
with  regard  to  frost  resistance,  although  it  has  somewhat  lower  py  and  very  slightly  higher  F,  and  is  superior  to 
the  composition  with  DOF  only,  with  regard  to  p  y  and  F,  but  inferior  to  it  in  frost  resistance. 

SUMMARY 

1.  The  plasticization  effect  depends  on  the  chemical  nature  of  the  plasticizer,  and  differs  considerably 
for  different  plasticizers. 

2.  Effectiveness  numbers  have  been  determined;  these  are  characteristic  constants  of  plasticizers  with 
respect  to  polyvinyl  chloride,  based  on  determinations  of  the  lowering  of  the  glass  transition  temperature  of  the 
polymer  by  1  molar  °]o  of  plasticizer. 

3.  Empirical  formulas  are  given  which  relate  a  number  of  physicomechanical  properties  (tensile  strength, 
elongation  at  break,  frost  resistance,  heat  resistance)  of  plasticized  polyvinyl  chloride  to  the  effectiveness  of  the 
plasticizer  used. 

4.  A  formula  is  given  for  determining  the  equieffective  amounts  of  different  plasticizers,  i.  e.,  amounts 
which  produce  equal  decreases  of  the  glass  transition  temperature  and  therefore  confer  equal  frost  resistance  to 
the  composition. 

5.  These  formulas  are  shown  to  be  applicable  to  calculation  of  the  physicochemical  properties  of  compo¬ 
sitions  based  on  mixtures  of  plasticizers,  and  an  appropriate  formula  is  given. 
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STRUCTURE  OF  THE  CARBON  SKELETON  OF  ESTHONIAN  SHALE  KEROGEN 


A.  Ya.  Aarna  and  E.  T.  Lippmaa 
The  Tallinn  Polytechnic  Institute 


Numerous  investigations  have  been  carried  out  over  a  number  of  years  on  the  structure  of  the  carbon 
skeleton  of  shale  kerogen,  and  in  particular  on  the  presence  of  aromatic  rings  in  the  kerogen.  It  is  known  that 
oxidation  of  some  shales  yields  benzenecarboxylic  acids  [1,  2],  proving  the  presence  of  an  aromatic  structure. 
Oxidation  of  Esthonian  shale  does  not  give  benzenecarboxylic  acids  [3-7].  In  view  of  this  result,  Fomina  and 
Pobul  concluded  that  the  kerogen  does  not  contain  an  aromatic  structure.  Kogerman  [3]  believed  that  the 
presence  of  an  aromatic  structure  in  the  kerogen  was  possible.  Raudsepp  [8],  as  the  result  of  his  experiments  on 
decomposition  of  the  kerogen  by  hydrogen  iodide,  postulates  the  presence  of  benzene  rings  with  aliphatic  side 
chains  in  the  kerogen.  Zelenin  [9]  does  not  deny  the  possibility  of  the  presence  of  aromatic  rings  in  the  kerogen, 
but  believes  it  to  be  unlikely.  Semenov  [10]  concluded  as  the  result  of  statistical  calculations  that  aromatic 
rings  are  present. 

The  purpose  of  the  present  investigation  was  to  find  a  method  of  direct  chemical  determination  of  the 
content  of  aromatic  rings.  Various  electrophilic  substances  were  used  as  reagents.  The  chosen  reagents  have 
relatively  low  activities  and  are  therefore  selective  in  their  action. 

EXPERIMENTAL 

The  following  methods  were  used  for  aromatic  ring  determination:  1)  coupling  of  diazonium  salts,  2) 
chloromethylation  of  the  kerogen,  and  3)  addition  of  mercuric  acetate  to  the  kerogen. 

Coupling  of  diazonium  salts.  Diazonium  salts  readily  react  with  phenols,  while  tiie  more  active  diazonium 
salts  also  react  with  phenol  ethers  [11-15]  and  polycyclic  aromatic  compounds  [16,  12].  Diazonium  salts  also 
react  with  conjugated  dienes  [17-19]  and  certain  enols  [16,  20].  The  most  active  diazonium  salts  are  2,  4,  6- 
trinitrobenzenediazonium  and  p-diazobenzenediazonium.  They  are  only  stable  in  strong  acid  solutions. 

A  kerogen  concentrate  obtained  by  centrifuging  from  a  solution  in  calcium  chloride  was  used  for  the  ex¬ 
periments.  Analytical  data  on  the  kerogen  are  given  in  Table  1. 


TABLE  1 

Analysis  of  Kerogen  Concentrate 


Ash 
(in  f) 

Moisture 
(in  ^() 

Organic 

matter 

(in  <y„) 

Elementary  composition  of  organic 
matter  (in  ojr) 

C 

H 

1 

N 

1  0  +  S  +  Cl 

3.4 

1.2 

95.4 

76.83 

9.69 

0.18 

12.30 
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Coupling  of  p-nitrobenzenediazonium  chloride.  The  diazo  compound  was  prepared  from  p-nitroaniline 
[21].  The  coupling  was  carried  out  in  aqueous  solution  in  presence  of  NaHCOs  and  CH3COONa.  After  the 
treatment,  the  kerogen  was  washed  with  glacial  acetic  acid  and  then  with  water.  The  kerogen  was  then  treated 
with  water  at  90°  to  hydrolyze  acetates  and  dried  to  constant  weight  at  80-100°.  The  nitrogen  content  was  de¬ 
termined  by  the  Kjeldahl  method  in  presence  of  glucose  [22]. 

Coupling  of  2,  4,  6-trinitrobenzenediazonium  sulfate.  The  diazo  compound  was  prepared  from  picramide 
in  acetic  or  phosphoric  acid  medium  [13,  23].  The  experiments  on  coupling  of  the  diazonium  compound  with 
the  kerogen  were  also  carried  out  in  acetic  or  phosphoric  acid  [24,  25],  The  subsequent  treatment  of  the  kerogen 
was  the  same  as  described  above. 

Coupling  of  p-diazobenzyldiazonium  sulfate.  The  diazonium  compound  was  prepared  from  N-acetyl-p- 
phenylenediamine.  The  coupling  of  the  diazonium  compound  with  the  kerogen  was  carried  out  in  acetic  [26] 
or  orthophosphoric  [19]  acid.  The  treatment  of  the  kerogen  after  coupling  was  as  before. 

The  results  of  the  experiments  are  given  in  Tables  2,  3,  and  4. 

TABLE  2 


Coupling  of  p-Nitrobenzenediazonium  Chloride 


Experi 

ment 

No. 

Medium  for 
coupling  experi¬ 
ments 

Taken  for  ex- 
periment(in  g) 

Duration 
of  experi¬ 
ment  (in 
hours) 

1 

Tem¬ 
pera¬ 
ture  of 
experi¬ 
ment 

in°Cl 

Dry  product 

kerogen 

concen¬ 

trate 

amine 

weight 

(in  g) 

change  of 
weight 
(  1c) 

nitrogen 
content 
(in  1) 

1 

^aterf  NaHCO.,; 

j  -1-17 

pH  =  8  .  .  .  . 

J  .8258 

0.706 

3.6 

1.8066 

—1.05 

0.23 

2 

WaterfCH^COONa; 

pH  =  4.5  .  .  . 

1 .9033 

0.099 

48 

1  4-14 
i 

1.8790 

—1.28 

0.22 

TABLE  3 

Coupling  of  2,  4,  6-trinitrobenzenediazonium  Sulfate 


Experiment  No. 

Medium  for 
coupling  ex¬ 
periments 

Taken  for  exp. ^n  g)  | 

X  1 

0 

<u 

IP 
c 
»-  el 

(u  -d. 

iB  Cii 

Dry  product  , 

kerogen  con¬ 
centrate 

amine* 

1 

Duration  of  e 
periment  (in 
hours'^ 

weight 
in  g) 

change  of 
weight 
(in  1) 

nitrogen  con 
tent  (in  ) 

Organic  sub¬ 
stance  addec 
(in  equiv./ 

100  g) 

3 

H3P()4;  d  1.7 

1 

2.2001 

1 

2.1 

1.6 

+12 

2.2080 

+  0.27 

4 

H3PO4;  d  1.7 

1.8375 

2.1 

18 

+12 

1.8356 

—  0.13 

0.38 

0.003 

5 

GH3COOH 

1.1975 

4.15 

42 

0 

1.2779 

+  6.71 

1.82 

0.027 

6 

CH3COOH 

1.3180 

4.14 

136 

0 

1.4611 

+10.88 

— 

— 

7 

CH3COOH 

i 

1 

♦  si: 

4.13 

141  ■ 

0 

1.4730 

+11.76 

2.91 

0.046 

*  2Q°]o  picramide  paste. 

♦  ♦  Product  from  Experiment  6. 

The  change  in  the  weight  of  the  kerogen  reaches  a  maximum  in  Experiments  9-12,  and  then  decreases. 
This  is  explained  by  oxidative  destruction  of  the  organic  matter  by  the  action  of  diazonium  salts  [27,  28]. 
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The  diazonium  salt  did  not  couple  with  the  kerogen  in  the  conditions  of  Experiments  1  and  2,  which  in¬ 
dicates  absence  of  free  phenolic  hydroxyl  groups  and  enols.  The  same  conclusion  was  reached  by  the  authors 
on  the  basis  of  ion  exchange  experiments  [29].  Considerable  coupling  of  the  diazonium  compound  in  Experi¬ 
ments  5-12  proves  the  presence  of  an  aromatic  structure  in  the  kerogen.  Since  oxidation  of  the  kerogen  does 
not  yield  benzenecarboxylic  acids,  phenolic  ethers  or  esters  may  be  present  [30].  The  presence  of  conjugated 
dienes  in  the  kerogen  is  improbable,  and  from  data  on  chlorine  addition  to  the  kerogen  their  content  cannot 
exceed  0.05  equiv  /lOO  g  [31].  It  follows  from  these  experiments  that  about  13%  of  the  carbon  atoms  are  con¬ 
tained  in  aromatic  rings.  In  view  of  the  low  activity  of  the  reagents  used,  the  true  content  of  aromatic  carbon 
should  be  higher. 

TABLE  4 

Coupling  of  p-Diazobenzenediazonium  Sulfate 


Experiment  No. 

Medium  for 
coupling  ex¬ 
periments 

Taken  for  experi¬ 
ment  (in  g) 

Duration  of  experi¬ 
ment  (in  hours) 

X 

0) 

o9 

C 

2  c 

E’C 
<u  o 
fcLS 

Dry  product 

kerogen  con¬ 
centrate 

amine 

weight 

[<"’«> 

change  of 
weight  (in  %) 

nitro¬ 
gen 
conten 
(in  %) 

w 

Drganic  sub¬ 
stance  added 
(in  equiv./ 

100  g) 

8 

H,P04;d  1.7 

0.5685 

1.50 

45 

0.5771 

+1.51 

0.70 

0.020 

9 

CHsGOOH 

1.1593 

1.50 

43 

0 

1.2950 

+11.71 

— 

_ 

_ 

10 

CH,COOH 

♦ 

1.50 

68 

+7 

1.3019 

+  12.31**** 

— 

_ 

11 

CHqCOOH 

*• 

1.50 

42 

+7 

1.2572 

-f  8.45**** 

3.50 

3.4 

0.136 

12 

CH,COOH 

0.5433’*'** 

0.56 

67 

+5 

0.5188 

4-  3.54**** 

3.69 

3.4 

0.137 

IB 

CHqCOOH 

2.2402 

Q4ti|i4i  >!>>)> 

241 

H-6 

2.2996 

+  3.76 

0.18 

3.1 

_ 

14 

CH,GOOH 

0.6422 

0.43 

15 

+4 

0.7076 

+11.50 

2.06 

3.1 

0.079 

15 

GH,GOOH 

0.5827****** 

0.43 

i  15 

1 

+4 

1 

0.6202 

+  11.70**** 

1.97 

2.9 

0.072 

•  Product  from  Experiment  9. 

♦  *  Product  from  Experiment  10. 

♦  •  *  Part  of  product  from  Experiment  11. 

*  *  *  •  Calculated  on  untreated  kerogen. 

Kerogen  treated  with  a  mixture  of  acetic  and  sulfuric  acids,  as  in  Experiments 
9-12,  but  without  addition  of  diazonium  compound. 

***«««  Product  from  Experiment  13. 


In  these  experiments  sorption  of  azo  dyes  on  the  kerogen  surface  and  aromatization  of  the  kerogen  under 
the  action  of  strong  acids  may  occur.  Treatment  of  the  kerogen  concentrate  with  picric  acid  showed  complete 
absence  of  complex  formation.  When  solutions  of  the  diazonium  salts  were  kept  for  a  week,  no  precipitation  of 
dyes  took  place.  The  darkening  of  the  solutions  was  only  slight.  Preliminary  acid  treatment  of  the  kerogen  did 
not  give  higher  results  in  the  coupling  experiments  with  diazonium  salts.  From  these  experiments  it  may  be 
concluded  that  neither  sorption  of  dyes  on  the  kerogen  surface  nor  aromatization  of  the  kerogen  occurs  in  these 
experimental  conditions. 

Chip rom ethylation  of  the  kerogen.  All  aromatic  compounds  readily  undergo  chlorom ethylation,  especially 
if  they  are  activated  by  groups  giving  a  positive  induction  effect  [32-35]. 

For  chlorom  ethylation,  1  g  of  kerogen  concentrate  was  treated  with  20  ml  of  reagent  (10  g  of  paraformal¬ 
dehyde  in  150  ml  of  concentrated  hydrochloric  acid)  at  room  temperature.  At  the  end  of  the  experiment  the 
kerogen  was  filtered  off,  washed  with  water  until  the  filtrate  was  neutral,  and  dried  to  constant  weight.  A  blank 
experiment  showed  that  hydrochloric  acid  does  not  affect  the  weight  of  the  kerogen.  The  results  of  the  experi¬ 
ments  are  given  in  Tables  5  and  6. 
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Analysis  of  the  results  shows  that  addition  of  chloromediyl  groups  to  the  kerogen  asymptotically  approaches 
8<7o  with  increasing  time.  According  to  these  results,  the  content  of  aromatic  rings  in  the  kerogen  corresponds  to 
0.16  equiv./lOO  g  of  organic  matter. 

TABLE  5 

Characteristics  of  Kerogens 


Kerogen  con- 

Organic 
matter 
(in  %) 

[Mois- 

1 

CO2,  mineral 

centrate 

ture 
(in  «7o) 

Ash  (in  <^0] 

(in  <Jjr) 

.A 

92.27 

1.21 

14.60 

1.92 

B  . . 

97.0 

0.30 

2.70 

0.0 

TABLE  6 


Experiments  on  Chloromethylation  of  Kerogen 


Kerogen 

concen¬ 

trate 

Amountof 
kerogen  con¬ 
centrate 
taken  (in  g) 

Duration 
of  experi 
ment 
(hours) 

Dry  product 
obtained 
(in  g) 

Change  of  weight  of 
kerogen,  corrected 
for  solubility  of 

CaCa.  fin 

A  .  .  . 

1.1630 

6 

1.1472 

+3.97 

A  .  .  . 

1 .0677 

24 

1.0652 

+5.34 

A  .  .  . 

1X)318 

48 

1.0382 

+6.37 

A  .  .  . 

0.9963 

72 

1.0095 

+7.22 

A  .  .  . 

1.0649 

96 

1.0754 

+6.81 

B  ... 

0.9610 

6 

1.0109 

+5.35 

B  .... 

1.0177 

18 

1.0720 

+6.50 

B  .  .  - 

1.1118 

24 

1.1783 

+6.17 

B  ... 

1.0006 

48 

1.0635 

+6.48 

B  ... 

1.0368 

72 

1.1104 

+7.32 

B  .  .  - 

1.0805 

i 

96 

1.1578 

+7.38 

Treatment  of  kerogen  with  mercuric  acetate.  Aromatic  compounds  and  unsaturated  hydrocarbons  readily 
react  with  mercuric  acetate.  This  reaction  proceeds  especially  easily  with  phenols,  phenol  ethers,  and  poly¬ 
nuclear  aromatic  compounds  [36-39].  Mercuric  acetate  was  successfully  used  to  prove  the  aromatic  structure 
of  lignin  [40,  41].  The  reaction  proceeds  in  very  mild  conditions. 

A  solution  of  50  g  of  mercuric  acetate  and  0.2  g  of  acetic  acid  in  750  ml  of  methyl  alcohol  was  used  for 
the  experiments  [39].  50  ml  of  this  solution  was  used  for  each  experiment.  At  the  end  of  the  treatment  of  the 
kerogen,  100  ml  of  common  salt  solution  was  added  and  the  product  was  heated  for  0.5  hour  at  60°.  The  residue 
was  then  filtered  off,  washed  with  pyridine  (to  dissolve  Hg2Cl2)  and  water,  and  dried  to  constant  weight  at  57° 
under  a  residual  pressure  of  2  mm  Hg. 

A  kerogen  concentrate  of  the  following  composition  (in  °Jo)  was  used  for  the  experiments:  organic  matter 
96.29,  moisture  0.30,  ash  3.41,  mineral  CO2  0.00. 

The  results  of  the  experiments  are  given  in  Table  7. 


It  follows  from  these  results  that  the  reaction  between  the  kerogen  and  mercuric  acetate  proceeds  very 
readily.  However,  addition  of  several  mercury  atoms  to  one  nucleus  and  oxidative  destruction  of  the  kerogen 
may  occur,  giving  a  decrease  in  weight  (Experiment  5).  If  we  assume  that  the  first  stage  of  the  reaction  is 
mainly  monosubstitution,  the  aromatic  ring  content  is  0.23  equiv  /lOO  g  of  organic  matter.  Roughly  the  same 
value  (0.24  equiv  /lOO  g)  was  obtained  as  the  limiting  value  at  room  temperature. 


TABLE  7 

Experiments  on  the  Treatment  of  the  Kerogen  with  Mercuric  Acetate 


Experimen 

No. 

Kerogen 
concentrate 
taken  (ing) 

Temperatun 
(in  “O 

Duration 
of  exper 
ment 
(in  hours) 

Weight  of 
dry  reaction 
product 
(’■n  g) 

Change 
of  weigh 

(in  %) 

Amount  of  mercuric 
acetate  (in  equiv./ 
100  g  of  organic 
matter)  added  to 
kerogen 

1 

1.1410 

64 

0.5 

1.-6407 

+45.6 

0.19 

2 

0.9895 

64 

1 

1.5400 

-j-58.2 

0.25 

3 

0.9288 

64 

2 

1.4923 

+63.4 

0.27 

4 

0.8314 

64 

4 

1.4527 

+77.8 

0.33 

5 

1.0305 

64 

6 

1.7590 

+73.6 

0.31 

6 

0.9452 

0.5 

1.0823 

+15.4 

0.07 

7 

1.0358 

>  Kounj 

150 

1.5971 

+56.6 

0.24 

DISCUSSION  OF  RESULTS 

All  three  analytical  methods  clearly  indicate  the  presence  of  aromatic  rings  in  the  kerogen.  The  quanti¬ 
tative  aspect  of  the  question  is  less  clear.  The  results  of  determinations  of  the  aromatic  ring  content  of  the 
kerogen  are  given  in  Table  8. 


TABLE  8 

Aromatic  Ring  Content  of  Kerogen 


Method  of  analysis 

Aromatic  ring 
content(in 
equiv.  / 100  g) 

Aromatic  hydrocarbon 
content  (as  %  of  total 
carbon) 

Coupling  of  diazonium 

compounds 

0.14 

13 

Chloromethylation 

0.16 

15 

Treatment  with  mercuric 

acetate 

0.23 

22 

Thus,  if  it  is  assumed  that  uncondensed  aromatic  nuclei  are  present  in  the  kerogen,  15-22%  of  the  total 
number  of  carbon  atoms  are  contained  in  aromatic  rings.  For  further  elucidation  of  the  carbon  skeleton  of  the 
kerogen,  the  following  experimental  facts  must  be  taken  into  account:  1)  0.36  equiv  / 100  g  of  oxygen  in  the 
kerogen  is  bound  in  aromatic  rings  [29];  2)  most  of  the  phenols  of  shale  tar  consist  of  dihydric  phenols  [8];  3) 
the  maximum  possible  content  of  olefinic  double  bonds  in  the  kerogen  does  not  exceed  0.1  equiv  /lOO  g  [31]. 
They  are  probably  entirely  absent;  4)  0.16  equiv  /lOO  g  of  oxygen  in  the  kerogen  is  of  carbonyl  character 
(ketone  and  ester  carbonyl)  [29]. 

One  of  us  has  shown  that  dihydric  phenols  of  shale  tar  are  of  a  primary  character  [42],  i.  e.,  they  are 
formed  as  the  result  of  primary  decomposition  of  the  kerogen.  As  the  amount  of  oxygen  bound  with  the  aromatic 
rings  is  0.36  equiv  /lOO  g,  the  aromatic  ring  content  must  be  considerably  less  than  this.  We  consider  that  the 
most  probable  content  of  aromatic  rings  in  the  kerogen  =  0.2  equiv  /lOO  g,  which  corresponds  to  19%  of  the 
carbon  in  aromatic  rings  (on  the  assumption  that  no  condensed  aromatic  systems  are  present).  It  is  possible  by 
statistical  calculation  [30]  to  find  die  approximate  naphthenic  ring  content  in  the  kerogen  —  approximately  0.8 
equiv  / 100  g.  We  have  no  data  on  the  structure  of  the  naphthenic  rings  in  the  kerogen,  and  therefore  the  dis¬ 
tribution  of  die  kerogen  carbon  between  the  possible  structural  elements  may  be  presumed  to  lie  in  the  follow¬ 
ing  limits  (in  %);  carbon  in  aromatic  rings  19,  carbon  in  naphthenic  rings  50-75,  carbon  in  paraffin  chains  6-31. 
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SUMMARY 


1.  It  has  been  shown  experimentally  that  the  kerogen  of  Esthonian  bituminous  shale  has  an  aromatic  ring 
content  of  0.2  ±  0,05  equiv  /lOO  g  of  organic  matter. 

2.  The  methods  of  diazonium  compound  coupling,  chloromethylation,  and  action  of  mercuric  acetate 
have  been  used  for  the  first  time  for  quantitative  determination  of  aromatic  rings  in  solid  fuel. 

3.  It  is  shown  by  calculation  that  the  presence  of  naphthenic  rings  is  probable  in  the  kerogen  of  Esthonian 

shale. 


LITERATURE  CITED 

[1]  G.  W.  Himus,  Oil  Shale  and  Cannel  Coal,  2,  112,  London  (1951). 

[2]  H.  M.  Thorne,  W.  I.  R.  Murphy,  K.  E.  Stanfield,  J.  S.  Ball,  and  J.  W.  Horne,  Oil  Shale  and  Cannel 
Coal,  2,  301,  London  (1951). 

[3]  P,  K.  Kogerman,  Bull.  Acad.  Sci.  Esthonian  SSR,  1,  108  (1952).* 

[4]  A.  V.  Lanin,  M.  V.  Pronina,  Bull.  Acad.  Sci.  USSR,  Div.  Tech.  Sci.,  10-11  (1944).* 

[5]  A.  S.  Fomina,  L.  Ya.  Pobul,  Bull.  Acad.  Sci.  Esthonian  SSR,  2,  91  (1953). 

[6]  A.  S.  Fomina,  L.  Ya.  Pobul,  Bull.  Acad.  Sci.  Esthonian  SSR,  2,  551  (1953). 

[7]  A.  S.  Fomina,  Bull.  Acad.  Sci.  Esthonian  SSR,  3,  538  (1954). 

[8]  Kh.  T.  Raudsepp,  Bull.  Acad.  Sci.  USSR,  Div.  Tech.  Sci.,  130  (1954). 

[9]  N.  I.  Zelenin,  O.  S.  Kuratova,  Symposium:  Chemistry  and  Technology  of  the  Products  of  Shale  Pro¬ 
cessing  (State  Fuel  Tech.  Press,  1954)  15.  *  * 

[10]  S.  S.  Semenov,  Bull.  Acad.  Sci.  Esthonian  SSR,  3,  391  (1954). 

[11]  K.  H.  Meyer,  and  S.  Lenhardt,  Ann.,  398,  66  (1913). 

[12]  K.  H.  Meyer,  A.  Irschik,  and  H.  Schlosser,  Ber.,  47,  1741-1755  (1914). 

[13]  H.  A.  J.  Schoutissen,  J.  Am.  Chem.  Soc.,  55,  4541  (1933). 

[14]  C.  Weygand,  Experimental  Methods  in  Organic  Chemistry,  II  (IL,  1950).  ** 

[15]  V.  Ettel,  J.  Weichet,  and  J.  SpaXil,  Collection  Czechoslov.  Chem.  Communs.,  15,  204-216  (1950); 
Ch.  A.,  45,  7054  (1951). 

[16]  L.  Fieser,  M.  Fieser,  Organic  Chemistry  (IL,  1949).** 

[17]  K.  Auwers,  and  K.  Ziegler,  Ann.,  425,  217-280  (1921). 

[18]  A.  P.  Terentyev,  E.  V.  Vinogradova,  T.  D.  Galpern,  Annals  Moscow  State  Univ.,  6,  235-241  (1936). 

[19]  A.  P.  Terentyev,  E.  M.  Ivanova,  J.  Gen.  Chem.,  7,  2028  (1937). 

[20]  V.  V.  Feofilaktov,  V.  Zaitseva,  J.  Gen.  Chem.,  10,  1391  (1940). 

[21]  N.  N.  Vorozhtsov,  Principles  of  the  Synthesis  of  Intermediates  and  Dyes  (Goskhimizdat,  1950)  352.** 

[22]  A.  Elek,  and  H.  Sobotka,  J.  Am.  Chem.  Soc.,  48,  501  (1926). 

[23]  H.  A.  J.  Schoutissen,  J.  Am.  Chem.  Soc.,  55,  4531  (1933). 

[24]  E.  Misslin,  Helv.  Chim.  Acta,  3,  626  (1920);  Ch.  A.,  15,  61  (1921). 

[25]  H,  H.  Hodgson,  J.  Walker,  J.  Chem.  Soc.,  London,  1620  (1933). 

[26]  H.  H.  Hodgson,  J.  Walker,  J.  Chem.  Soc.,  London,  530  (1935). 

[27]  W.  Kuster,  R.  Durr,  Cellulosechemie,  11,  4-6  (1930);  Zbl.,  I,  1463  (1930). 

*  Original  Russian  pagination.  See  C.B. Translation. 

**  In  Russian. 


448 


[28]  F.  Schutz,  P.  Sarten,  Cellulosechemie,  21,  35-48  (1943);  Zbl.,  II,  1634  (1943). 

[29]  A.  Ya.  Aarna,  E,  T.  Lippmaa,  Trans.  Tallinn  Polytech.  Inst.,  63,  3  (1955). 

[30]  A.  Ya.  Aarna,  E.  T.  Lippmaa,  Trans.  Tallinn  Polytech.  Inst.,  63,  160  (1955), 

[31]  P.  N.  Kogerman.  On  the  Chemistry  of  the  Estonian  Oil  Shale  •Kukersite."  Tartu  (1931).* 

[32]  Grassi,  MaselU,  Gazz.,  28,  477  (1898). 

[33]  Vavon,  Bolle,  Calin,  Bull.  soc.  chim.,  6,  1025  (1939), 

[34]  Smith,  McMullen,  J.  Am.  Chem.  Soc.,  58,  629  (1936). 

[35]  Smith,  Opie,  J.  Am,  Chem.  Soc.,  63,  937  (1931). 

[36]  O.  Dimroth,  Ber.,  32,  758  (1899). 

[37]  F,  C.  Whitmore,  E.  B,  Middleton,  J.  Am.  Chem,  Soc.,  43,  619  (1921). 

[38]  R.  W.  Martin,  Anal.  Chem.,  21,  981  (1949). 

[39]  J.  Hornstein,  Anal.  Chem.,  23,  1329  (1951). 

[40]  N.  P.  Odintsov,  Wood  Chem.  Ind.,  5,  16  (1936). 

[41]  K.  Freudenberg,  F.  Sohns,  W.  Durr,  C.  Niemann,  Cellulosechemie,  12,  19-32  (1931);  Zbl.,  II,  2143 
(1931). 

[42]  A.  Ya.  Aarna,  Trans.  Tallinn  Polytech.  Inst.,  63,  65  (1955). 


Received  June  13,  1955 


*  In  Russian. 


PRODUCTION  OF  TERTIARY  ISOBUTYL  ALCOHOL  FROM  PETROLEUM 
PYROLYSIS  GASES,  AND  ITS  DEHYDRATION 

V.  V.  Pigulevsky  and  M.  S.  Averina 
The  S.  V.  Lebedev  All-Union  Scientific  Research  Institute  for  Synthetic  Rubber 


Together  with  divinyl,  isobutylene  is  now  one  of  the  most  important  raw  materials  for  synthetic  rubber; 
both  polyisobutylene  and  butyl  rubber  are  obtained  by  its  polymerization  [1,  2],  An  equally  important  raw 
material,  isoprene,  can  be  obtained  by  the  action  of  formaldehyde  on  isobutylene  [3,  4]. 

The  main  sources  of  isobutylene  are  petroleum  cracking  and  pyrolysis  gases.  One  method  for  isolating 
isobutylene  from  these  gases  in  fairly  pure  form,  satisfactory  for  polymerization  into  rubberlike  polymers,  is 
synthesis  of  trimethylcarbinol  followed  by  dehydration. 

The  purpose  of  the  present  work  was  the  study  of  the  conditions  of  synthesis  of  trimethylcarbinol  by 
Butlerov's  sulfuric  acid  method  [5]  from  the  isobutylene  present  in  the  butylene-divinyl  fractions  of  petroleum 
pyrolysis  gases,  and  the  study  of  the  conditions  for  its  dehydration,  also  in  presence  of  sulfuric  acid. 

The  butylene- di vinyl  fraction  of  the  petroleum  pyrolysis  gases  had  the  following  composition  (in  vol.<7o); 
C3Hg  2,  CjjHg  17—19,  iso-C^Hg  30—35,  n— C^Hg  40—45,  C^Hjg  1,  Cg  +  higher  4—5, 

As  di  vinyl  is  a  valuable  material  for  rubber  synthesis,  conditions  of  its  conservation  were  also  studied. 

Extraction  of  Divinyl  From  Its  Mixtures  With  6-butylene  by  means  of  sulfuric 
acid  in  the  liquid  phase 

Artificial  mixtures  of  divinyl  (72  vol.  °Jo)  and  6 -butylene  (28  vol.  <7o)  were  used  for  the  experiments. 

Sealed  tubes  containing  a  liquified  mixture  of  the  hydrocarbons  (20  ml)  and  sulfuric  acid  (20  ml)  were  vigorously 
shaken  at  room  temperature  for  13,5  hours. 

After  such  treatment  a  dark  brown  layer  of  divinyl  polymers  remained  over  the  acid  layer  in  all  cases, 
except  in  experiments  with  40<7o  acid. 

Sulfuric  acid  Amount  of  Divinyl 

concentration  (%)  polymerized  (%) 


40 

0 

45 

2.2 

50 

5.0 

55 

12.4 

60 

32.9 

The  experiments  showed  that  divinyl  mixed  with  6  -butylene  reacts  with  sulfuric  acid  in  the  liquid  phase 
only  when  the  concentration  of  the  latter  is  45%  and  over.  This  is  in  agreement  with  Dobryansky’s  data  [6]  on 
the  gas  phase  absorption  of  divinyl  by  sulfuric  acid.  Thus,  when  a  divinyl-butylene  fraction  is  treated  with  40% 
sulfuric  acid  in  the  liquid  phase  the  divinyl  is  entirely  unchanged. 
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A 


Fig.  1.  Variation  of  the  density 
of  isobutylsulfuric  acid  with  the 
amount  of  isobutylene  absorbed 
by  40<7o  sulfuric  acid. 

A)  Density  d^°  ,  B)  amount  of 
iso-C4H8  absorbed  (in  moles  per 
1  mole  of  H2SO4). 


Preparation  of  Isobutylsulfuric  Acid  From 
Liquefied  Isobutylene 

The  reaction  of  isobutylene  with  sulfuric  acid  gives 
isobutylsulfuric  acid.  In  addition,  depending  on  die  tern  - 
perature  and  acid  concentration,  isobutylene  polymeriza¬ 
tion  products  may  be  formed  —  dimers,  trimers,  and  higher 
polymers  [5]. 

Thick-walled  glass  champagne  bottles,  0.75  liter  in 
capacity,  and  withstanding  a  pressure  up  to  15  atm.  were 
used  for  the  experiments.  sulfuric  acid  was  put  into 
the  bottles;  this  was  cooled  to  —20°  and  pure  liquefied  iso¬ 
butylene  obtained  by  dehydration  of  trimethylcarbinol  was 
added.  The  bottles  were  closed  by  bungs  with  thermometers 
and  fixed  in  a  special  stand  in  which  they  were  rotated  at 
room  temperature  at  about  1  revolution  per  minute.  The 
heat  of  reaction  was  largely  removed  by  the  surrounding 
air.  At  first  the  temperature  rose  fairly  considerably  (up 
to  50-57°),  and  then  it  soon  became  established  at  a  level 
of  30-40°,  falling  to  20-25°  by  the  end  of  the  process. 


The  reaction  product  was  a  transparent  liquid  of  a  dark  cherry  color,  the  density  of  which  gradually  fell, 
according  to  the  amount  of  isobutylene  absorbed  (14-15  wt.<yo)  to  d^  —  0.989  (Fig.  1). 

The  reaction  product  was  diluted  with  water  (1 ;  2);  any  polymers  formed  were  separated  off  after  settling, 
and  the  aqueous  alcoholic  mixture  was  distilled  off  from  the  acid  up  to  100°.  Distillation  over  a  fractionating 
column  gave  an  alcoholic  distillate  (80<7o),  the  trimethylcarbinol  content  of  which  was  estimated  by  density  [7]. 
The  amount  of  reacted  isobutylene,  the  content  of  bound  isobutylene  in  the  isobutylsulfuric  acid,  and  the  molar 
ratio  between  the  reacted  isobutylene  and  the  sulfuric  acid  taken  were  calculated  from  the  amount  of  alcohol 
obtained. 


It  was  found  that  under  the  conditions  used  isobutylene  reacts  almost  completely  (96-100%)  without  forming 
polymerization  products  (Table  1). 


TAB  LE  1 

Preparation  of  Isobutylsulfuric  Acid  From  Pure  Liquefied  Isobutylene 
Sulfuric  acid  concentration  40.0-40.5% 


Sulfuric 
acid  taker 
(in  g) 

Isobutylene 

absorbed 

Isobutyl- 1 
sulfuric 
acid 
formed 
(in  g) 

1 

Duration 
af  experi-  , 
ment  (in  f 

hours)  1 

Characteristics  of  isobutylsulfuric  acid 

lensity 

20 

d4) 

acidity* 
(in  wt.  %) 

composition  (in  wt.  %) 

in  g 

In  moley 
1  mole  g 
sulfuric 
acid 

sulfuri 

acid 

bound 
:  isobutyl 
ene 

■  Poly¬ 
mers 

405.5 

84.5 

0.9 

490.0 

3 

1.174 

33.1 

82.8 

17.2 

0 

169.5 

68.5 

1.7 

238.0 

5.5 

1.105 

28.8 

71.7 

28.3 

0 

185.3 

73.6 

1.8 

258.9 

3 

1.079 

28.3 

70.9 

29.1 

0 

81.0 

46.5 

2.5 

127.5 

3 

1.051 

25.4 

63.5 

35.6 

0 

153.0 

125.0 

3.6 

278.0 

5.5 

1.001 

22.0 

54.9 

45.1 

0 

85.2 

70.3 

3.6 

155.5 

3 

0.989 

1 

21.9 

54.8 

45.2 

0 

*  Contents  of  100%  sulfuric  acid  in  reaction  products. 


We  note  the  high  degree  of  saturation  of  the  acid  with  isobutylene  (up  to  3.6  moles  per  mole)  reached 
in  these  experiments;  this  exceeds  the  theoretical  values  not  only  for  isobutylsulfuric  acid  (1: 1),  but  even  for 
diisobutylsufuric  acid  (2 ;  1).  This  shows  that  isobutylsulfuric  acid  was  partially  saponified  even  during  the 
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absorption  of  Isobutylene,  forming  trimethylcarbinol  and  free  sulfuric  acid,  which  absorbed  a  fresh  quantity  of 
Isobutylene 

C4H8  +  H2SO4  =  G4H8OSO2OH 
C4He0S020H  +  HgO  =  C4H9O.H  +  H2SO4 
G4H8  +  H2SO4  =  G4H9OSO2OH. 


Therefore  in  this  case  direct  dehydration  of  isobutylene  in  the  liquid  phase  actually  took  place;  C4H8  + 

+  H2O  =  C4H9OH. 

This  decreases  the  amount  of  water  present  in  the  system,  which  in  turn  raises  the  concentration  of  free 
sulfuric  acid,  which  should  produce  some  increase  in  the  rate  of  reaction.  In  fact,  at  high  saturation,  of  the  acid 
(3.6  ;  1),  the  process,  to  judge  by  the  rate  of  disappearance  of  the  hydrocarbon  layer,  is  somewhat  more  rapid. 

The  question  of  the  possible  formation  of  diisobutylsulfuric  acid  in  this  case  will  be  the  subject  of  a  future 
investigation. 

Production  of  Isobutylsulfuric  Acid  From  the  Butylene  -  divinyl  Fraction  of  Petro- 
leum  Pyrolysis  Gases 

The  experimental  conditions  were  the  same  as  before,  but  at  an  almost  constant  ratio  of  absorbed  iso¬ 
butylene  to  sulfuric  acid  (/*»0.5 : 1). 

TABLE  2 

Production  of  Isobutylsulfuric  Acid  from  the  Butylene -Di vinyl  Fraction  of  Pyrolysis  Gases 
Isobutylene  content  of  fraction  35%,  agitation  time  7  hours,  maximum  temperature  in 
reaction  zone  31* 


Taken 

Isobutylsulfuric  acid  obtained 

Olefins  extracted  from  fraction 
(in  wt.  %) 

sulfuric  1 

acid 

c _ 

isobutylene 

content  of 

including 

total 

absorbed  (in 

xjund  iso- 

-A-’'? — 

£3  ^  > 

tion 

moles  per 

butylene  (in 

c  e 

(in  g) 

(in  g) 

mole  of  sul- 

wt.  %)  ■ 

isobutyl- 

§  a 

in  E 

furic  acid) 

sulfuric 

Polymers 

0  0 

(j  d 

acid 

40 

368 

122 

399* 

0.4 

7.8 

26.9 

26.9 

0 

45 

327 

127 

369** 

0.5 

11.4 

(~34) 

33.1 

(~1) 

60 

288 

138 

337** 

0.6 

14.5 

35.6 

34.2 

1.3 

60 

288 

126 

333** 

0.4 

13.4 

35.8 

34.4 

1.4 

66 

268 

126 

313** 

0.5 

15.6 

39.2 

33.1 

6.1 

60 

250 

119 

301** 

0.5 

17.0 

42.8 

36.4 

6.4 

60 

250 

116 

301** 

0.5 

17.0 

44.1 

37.1 

7.0 

*  Clear  liquid  of  light  cherry  color. 

♦  •  Dark  opaque  liquid. 

The  experiments  showed  that  when  sulfuric  acid  above  45%  concentration  is  used  (Table  2),  in  addition 
to  isobutylene  divinyl  is  also  extracted  from  the  butylene -divinyl  fraction;  in  these  conditions  divinyl  gives, 
as  was  stated  earlier,  dark  opaque  condensation  products.  Divinyl  does  not  react  with  40%  sulfuric  acid  at  room 
temperature. 

The  possibility  of  conservation  of  divinyl  in  the  treatment  of  a  butylene- di  vinyl  fraction  with  60%  sulfuric 
acid  at  -10“  was  noted  by  one  of  us  earlier  [8j. 
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The  increase  of  polymer  yield  with  increasing  sulfuric  acid  concentration  should  be  attributed  not  only 
to  formation  of  divinyl  condensation  products,  but  also  to  some  polymerization  of  isobutylene  itself. 

On  the  other  hand,  the  increase  of  the  amount  of  olefins  absorbed  in  the  form  of  butylsulfuric  acid(>35'7o) 
when  60<yo  acid  is  used  indicates  somes  absorption  of  n-butylenes  also. 

The  lower  percentage  of  extraction  of  isobutylene  extraction  with  the  use  of  40%  acid  (26.9%)  can  be 
attributed  to  the  insufficient  agitation  time  for  these  conditions. 

Isolation  of  Trim  ethy  Icarbinol  from  Isobutylsulfuric  Acid 

Treatment  of  isobutylsulfuric  acid  with  water  yields  trimethylcarbinol,  which  may  be  partially  dehydrated 
with  formation  of  isobutylene  during  distillation  in  presence  of  sulfuric  acid. 

The  aqueous  alcoholic  mixture  was  distilled  off  both  from  the  acid  reaction  product  diluted  with  water 
(1 : 2),  and  from  the  neutralized  product. 

The  yield  of  trimethylcarbinol  was  determined  from  the  density  of  the  alcoholic  distillate  obtained  by 
distillation  over  a  fractionating  column. 

It  was  found  that  99%  of  the  trimethylcarbinol  can  be  driven  off  from  an  acid  medium  at  a  sulfuric  acid 
concentration  below  20%.  It  is  therefore  not  necessary  to  perform  the  distillation  in  an  alkaline  medium  [9]. 

The  data  show  that  in  the  course  of  45  minutes  of  distillation  not  more  than  0.5%  of  the  trimethylcarbinol 
is  dehydrated,  with  complete  absence  of  polymerization  products. 

It  is  evident  that  the  diluted  reaction  product  should  not  remain  for  a  considerable  period  in  the  heating 
zone  [10].  It  must  be  noted  that  when  the  alcohol  was  distilled  off  from  diluted  isobutylsulfuric  acid  obtained 
by  absorption  of  isobutylene  in  60%  sulfuric  acid,  a  small  layer  of  isobutylene  polymers  (dimers  with  an  admix¬ 
ture  of  trimers)  separated  out  in  the  receiver.  This  polymer  layer  extracted  a  considerable  amount  of  trimethyl¬ 
carbinol  from  the  lower  aqueous  layer. 

We  give  some  typical  data  for  the  extraction  of  trimethylcarbinol  from  the  polymer  layer.  Weight  of 
polymer  layer  taken  was  42.75  g  (d^°  =  0.76).  Amount  of  trimethylcarbinol  extracted  by  tenfold  washing  of  the 
polymers  with  water.  (9  volumes)  was  19.70  g  (45,1%).  In  some  experiments  the  trimethylcarbinol  content  of  the 
polymer  layer  reached  60%. 

Distillation  of  the  aqueous  alcohol  mixture  over  a  fractionating  column  yielded  80%  trimethylcarbinol 
(d^®  0.832).  Salting  out  with  potash  and  drying  over  barium  oxide  gave  98%  trimethylcarbinol  (d^®  0.792)  with 
freezing  point— 20.8°. 

The  trimethylcarbinol  obtained  was  characterized  by  determinations  of  the  freezing  points  of  its  aqueous 
solutions,  not  described  previously  in  the  literature.  These  points  fit  satisfactorily  on  a  curve  (Fig.  2),  continua¬ 
tion  of  which  gave  the  freezing  points  of  anhydrous  trimethylcarbinol,  +  25.4°  [7]  and  water,  0°.  This  curve  has 
two  minima,  one  of  which  (—8.5°)  corresponds  to  25%  alcohol,  and  the  other  (—11.5°)  is  close  (87.8  wt.%)  to  the 
composition  of  a  constant  boiling  mixture  of  trimethylcarbinol  (88.24  wt.%)  and  water  (11.76  wt.%)  [7].  Aqueous 
solutions  of  the  alcohol  of  intermediate  concentrations  froze  at  about— 5°. 

Production  of  Isobutylene  by  Dehydration  of  Trimethylcarbinol  and  Decomposition 
of  Isobutylsulfuric  Acid 

Trimethylcarbinol  is  readily  dehydrated  in  presence  of  sulfuric  acid  at  the  boiling  point  with  evolution  of 
isobutylene  [11,  12]. 

The  dehydration  was  performed  in  a  round-bottomed  flask  fitted  with  a  thermometer  and  a  reflux  condenser 
cooled  by  ice-cold  water.  A  determined  amound  of(80%)trimethylcarbinol  obtained  from  the  butylene-divinyl  fraction  of 
pyrolysis  gases,  and  sulfuric  acid,  was  placed  in  the  flask.  The  concentration  of  the  acid  was  calculated  to  give 
complete  dehydration  of  the  alcohol.  The  decomposition  of  isobutylsulfuric  acid  was  performed  under  similar 
conditions.  In  most  of  the  experiments  the  process  was  stopped  after  50%  dehydration  had  been  reached  (Table  3). 

The  experiments  showed  that  dehydration  of  trimethylcarbinol  and  decomposition  of  isobutylsulfuric  acid 
in  presence  of  sulfuric  acid  of  15  to  40%  concentration  commenced  at  60-65°,  reaching  a  maximum  at  the 


boiling  point  of  the  alcohol  (~80*),  With  40*70  Bulfurlc  acid  appreciable  formation  of  Isobutylene  polymers  was 
observed,  the  amount  decreasing  sharply  with  decreasing  acid  concentration.  With  acid  of  and  lower  con* 
centratlons  only  traces  of  polymers  were  formed  In  a  few  cases  (Table  4). 


TABLE  3 


Distillation  of  Trlmethylcarblnol  from  Isobutylsulfurlc  Acid  Diluted  with  Water  (1 1 2) 
Density  g  the  Initial  Isobutylsulfurlc  Acid  d*”,  Content  of  Bound  Isobutylene  17.2  Wt.sfo 


Diluted  Isobutyl¬ 
sulfurlc  acid  taken 

Duration 
of  distil¬ 
lation 

;mln.) 

Yields  (In  molar 

Notes 

total(ln  g) 

sulfuric 

icld  cqn- 

:entration 

In  Oft) 

trlmethy! 

carblnol 

Isotubyl 

ene 

mi 

140 

0 

20 

100 

0 

0 

Distillation  in  alkaline 

medium 

161 

12.0 

20 

--I00 

Traces 

0 

\ 

118 

12.2 

20 

00.8 

0.2 

0 

1  Distillation  In  acid  medlt 

1400 

20.0 

46 

no 

0.6 

0 

1 

4 


Fig.  2.  Freezing  points  of  aqueous 
solutions  of  trlmethylcarblnol. 

A)  Temperature  (in  *C),  B)  content 
of  C^HjOH  (in  wt.'Vo). 

It  was  also  found  that  the  degree  of  decomposi¬ 
tion  of  Isobutylsulfurlc  acid  with  different  contents  of 
bound  Isobutylene  is  approximately  the  same  for  the 
same  time  from  the  start  of  the  experiment  (Table  6). 


Fig.  3.  Variation  of  the  loga¬ 
rithm  of  isobutylsulfurlc  acid 
concentration  (log  C)  with 
duration  of  experiment. 

A)  Log  C,  B)  duration  of  ex¬ 
periment  (in  min.).  Initial 
ratio  of  bound  C^Hg :  HgSO^ 
(molar):  1)1:1,  2)  1.6:1. 


The  variation  of  the  logarithm  of  isobutylsulfurlc  acid  during  decomposition  is  linear  (Fig.  3). 


Similar  results  were  obtained  for  dehydration  of  trlmethylcarblnol.  An  increase  of  the  ratio  of  the  trl- 
methylcarbinol  to  sulfuric  acid,  even  up  to  10:1  (molar)  had  no  appreciable  influence  on  the  dehydration  rate. 
It  follows  that  the  rate  of  isobutylene  evolution  is  proportional  to  the  concentration  of  isobutylsulfurlc  acid  (or 
trlmethylcarblnol),  and  the  process  therefore  conforms  to  a  monomolecular  law 


dt 


=  KC. 
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TABLE  4 


Dehydration  of  Trim  ethyl  carbinol  and  Decomposition  of  Isobutylsulfuric  Acid 
C4H9OH  :  H2SO4  =  1,3  : 1  (molar),  bound  C4H8 :  H2SO4  =  1.5  ;  1  (molar),  degree 
of  dehydration  50% 


Sulfuric  acid 
concentration 

Dehydration  of  trimethyl¬ 
carbinol 

Decomposition  of  isobutylsulfuric 
acid 

after  complete 

yields  calculated  on  reacted 

yields  calculated  on  reacted  iso- 

(in  %) 

alcohol  (in  molar  %); 

butylsulfuric  acid  (in  molar  %): 

isobutylene 

polymers 

isobutylene 

polymers 

40 

93.3 

6.7 

94.0 

6.0 

35 

98.5 

1,5 

~100 

Traces 

80 

99.6 

0.4 

100 

0 

25 

~100 

Traces 

100 

0 

20 

100 

0 

100 

0  ' 

15 

~100 

Traces 

— 

TABLE  5 

Decomposition  Rate  of  Isobutylsulfuric  Acid 

75  g  of  diluted  isobutylsulfuric  acid  taken,  sulfuric  acid  concentration  25%, 
temperature  80° 


Contents  of 

Amount  of  isobutylsulfuric  acid  decomposed  (in  %)  after  time 

bound  isobu¬ 
tylene  (in 
rnoles  per  1 

(min.)  from  start  of  experiment 

mole  sulfuric 
acid) 

0 

15 

30 

45 

60 

75 

90 

1  :  1 

0 

29.9 

41.3 

52.5 

61.5 

67.3 

71.0 

1.6  : 1 

0 

25.6 

42.8 

49.6 

i 

58.3 

65.4 

70.2 

The  approximate  value  of  the  reaction  rate  constant  is  K  =  0.014. 

,  Considerable  amounts  of  trimethylcarbinol,  reaching  1.1  g  per  1  g  of  isobutylene  evolved,  was  returned  to 
the  reaction  vessel  during  dehydration.  As  a  result  the  kinetic  data  were  somewhat  distorted.  When  the  sulfuric 
acid  concentration  was  decreased  from  40  to  20%,  the  rate  of  dehydration  of  trimethylcarbinol  and  of  decompo¬ 
sition  of  isobutylsulfuric  acid  showed  no  more  than  a  1.5-fold  decrease.  In  view  of  the  monomolecular  charac¬ 
ter  of  this  process,  it  should  be  continued  to  70-80%  conversion  with  subsequent  distillation  of  the  unreacted 
aqpeous  trimethylcarbinol. 

The  optimum  conditions  for  dehydration  of  trimethylcarbinol  and  decomposition  of  isobutylsulfuric  acid 
are:  25%  sulfuric  acid  concentration,  and  10 : 1  ratio  (molar)  of  trimethylcarbinol  to  sulfuric  acid. 

.The  isobutylene  obtained  by  way  of  trimethylcarbinol  from  the  butylene -di vinyl  fraction  of  petroleum 
pyrolysis  gases  was  fairly  pure  and  quite  suitable  for  polymerization  to  polyisobutylene. 

SUMMARY 

A  study  of  the  production  of  isobutylsulfuric  acid  from  pure  isobutylene  and  from  the  butylene- di  vinyl 
fraction  of  petroleum  pyrolysis  gases  by  the  sulfuric  acid  method  in  the  liquid  phase,  and  of  the  isolation  and 
dehydration  of  trimethylcarbinol,  showed  that: 
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1.  If  4070  sulfuric  acid  is  used,  direct  liquid-phase  hydration  of  isobutylene  partially  occurs; 

2.  the  optimum  conditions  for  die  dehydration  of  trimethylcarbinol  and  decomposition  of  isobutylsulfuric 
acid  are  obtained  if  the  process  is  carried  out  in  presence  of  25%  sulfuric  acid.  The  process  is  monomolecular; 

3,  divinyl  does  not  react  with  40%  sulfuric  acid  in  the  liquid  phase; 

4,  isobutylene  polymers  dissolve  considerable  amounts  (up  to  60%)  of  trimediylcarblnol, 
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THE  ACTION  OF  NITRIC  ACID  ON  POLYMERS 


A,  S.  Kuzminsky  and  E.  V,  Shemastina 


Polymers,  like  hydrocarbons  of  low  molecular  weight,  undergo  extensive  chemical  changes  under  the 
action  of  nitric  acid. 

The  degradation  and  structurization  processes  which  ensue  have  harmful  effects  on  the  mechanical  pro¬ 
perties  of  the  polymers. 

Very  little  information  on  the  action  of  nitric  acid  on  polymers  is  available  in  the  literature.  The  present 
Investigation  should  partially  fill  this  gap. 

EXPERIMENTAL 

The  materials  chosen  for  study  were  butadiene  polymers  differing  in  the  ratio  of  double  bonds  in  the  prin¬ 
cipal  chains  and  in  the  vinyl  side  chains.  Polymers  containing  30  and  GO'yo  double  bonds  in  the  principal  chains 
were  used.  The  oxidation  of  polyisobutylenes  of  different  molecular  weights  (50,000  and  200,000)  was  also 
studied. 

After  being  subjected  to  the  action  of  nitric  acid,  the  polymers  were  analyzed  for  combined  nitrogen, 
saponification  number,  change  of  unsaturation,  change  of  molecular  weight  (of  polyisobutylenes)  and  evolution 
of  carbon  dioxide. 

Determination  of  CO2,  evolved  during  the  reactions  of  the  polymers  with  nitric  acid  was  carried  out  in 
the  apparatus  shown  in  Fig,  1,  The  apparatus  consists  of  a  reaction  flask  A,  condenser  B,  connecting  tube  C  fused 
to  the  upper  end  of  the  condenser,  receiver  D  containing  0.5  N  caustic  potash  solution,  and  wash  bottle  E  with 
50%  caustic  potash. 

A  weighed  sample  of  about  2  g  of  rubber  was  placed 
in  the  flask  A,  covered  with  50  ml  of  nitric  acid,  and 
heated  to  the  required  temperature  in  a  water  bath.  The 
nitric  acid  fumes  liberated  with  the  CO2  were  absorbed  in 
caustic  potash  solution.  At  the  end  of  each  experiment 
air,  previously  made  free  from  carbon  dioxide  (by  means 
of  the  wash  bottle  E)  was  blown  through  the  apparatus  for 
quantitative  displacement  of  free  CO2  remaining  in  the 
system.  Nitric  acid  of  different  concentrations  was  used 
in  the  experiments. 

The  CO2  evolved  in  the  reaction  combines  with 
part  of  the  KOH  in  the  receiver  D.  The  excess  unreacted 
alkali  was  neutralized  by  0.5  N  hydrochloric  acid  solution. 
The  potassium  carbonate  formed  was  precipitated  by  a 
saturated  solution  of  barium  nitrate.  The  precipitated 
barium  carbonate  was  filtered  off  on  a  Gooch  crucible, 
dried,  taken  to  constant  weight,  and  the  CO2  content  was 
calculated  from  the  weight  of  die  precipitate. 

Molecular  weights  were  determined  by  means  of 
an  Ostwald  viscosimeter  for  volatile  liquids.  The  capillary 
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Fig.  1.  Diagram  of  apparatus  for  trapping 
the  CO2  evolved  in  the  reaction  between 
polymers  and  nitric  acid. 

Explanation  in  text. 
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diameter  was  0.25  mm.  Benzene  or  chloroform  was  used  as  the  solvent. 


The  molecular  weight  of  polyi  so  butylene  was  calculated  from  the  equation 


M 


_  ^sp 


-  t,el  -  li  Irel  • 


where  ^  is  the  solution  concentration  (in  moles/  liter),  rg  is  the  efflux  time  for  the  solution  (in  seconds),  is 
the  efflux  time  for  the  solvent  (in  seconds),  kj^  =  1.75  •  10"^  for  chloroform  solutions,  •  10^^  for 

benzene  solutions. 

Combined  nitrogen  was  determined  by  the  Dumas  method.  Unsaturation  was  determined  iodometrically. 
Esters  were  determined  by  saponification  of  the  oxidized  polymer. 


RESULTS  OF  THE  EXPERIMENTS  AND  DISCUSSION  OF  RESULTS 

Polymer  films  100 p  thick  were  subjected  to  the  action  of  nitric  acid  at  various  concentrations.  Nitric 
acid  was  removed  from  die  treated  films  by  washing  in  water  to  a  neutral  reaction  and  drying  under  a  high 
vacuum. 

The  results  for  the  reaction  between  butadiene  polymer  and  nitric  acid  are  given  in  Fig.  2  and  Table  1. 


TABLE  1 


Change  of  Structure  and  Composition  of 
Butadiene  Polymer  as  the  Result  of  the 
Action  of  Nitric  Acid 
Polymer  contained  30%  double  bonds  in 
the  principal  chain;  nitric  acid  concen¬ 
tration  55%:  temperature  80“ 


Duration  of 
reaction  with 
HNOgfhours) 

Unsatura¬ 
tion  by 
iodine 
chloride 

Combined  nitro¬ 
gen  content  (%  on 
the  polymer) 

2 

275.8  ■ 

7.1 

4 

55.1 

7.6 

0 

48.8 

8.3 

8 

35.8 

8.0 

A 


Fig.  2.  Variation  of  the  unsat- 
uration  of  butadiene  polymer 
during  interaction  with  nitric  acid. 
A)  Unsaturation,  B)  time  (hours). 


Even  at  the  earliest  stages  of  the  reaction  with  HNO3  the  polymers  almost  completely  lost  their  solubility, 
and  acquired  a  yellow  color. 

Tables  2  and  3  contain  data  on  the  interaction  of  nitric  acid  with  butadiene  polymers  differing  in  the 
ratio  of  double  bonds  in  the  principal  chains  and  the  vinyl  side  groups. 

Figure  3  represents  the  kinetics  of  CO2  evolution  in  the  oxidation  by  nitric  acid  of  butadiene  polymers 
differing  in  the  ratio  of  double  bonds  in  the  principal  chain  and  the  vinyl  side  groups. 


Analysis  of  the  data  in  Tables  2  and  3  shows  that  increase  of  the  "double  bond  concentration"  in  the  priii' 
cipal  chain  raises  the  reactivity  of  the  polymer  toward  nitric  acid. 


This  result  is  in  full  agreement  with  known  facts  on  the  thermal  oxidation  of  polymers  by  molecular  oxygen 
[1].  The  oxidized  polymers  entirely  lose  their  elastic  properties.  The  reaction  products  contain  considerable 
amounts  of  combined  nitrogen.  Investigation  of  tliese  products  indicates  that  the  nitrogen  is  largely  present  in  the 
form  of  esters. 
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TABLE  2 

Reaction  of  Butadiene  Polymer  with  Nitric  Acid 

Polymer  contained  30*70  double  bonds  in  the  principal  chain;  nitric  acid  con¬ 
centration  55%;  temperature  80° 


Weight  of 
polymer 
taken  (g) 

Duration 
of  reactloi 
(hours) 

Amount  of  CO* 

Saponifi¬ 

cation 

number 

Nitrogen 
content 
of  poly¬ 
mer  (in  *7 

Weight  loss 
of  polymer 
(in  %,) 

in  g  on 
sample 

in  g  on  1  g 
of  polymer 

2.0014 

0.5 

0.0842 

0.0421 

408 

8.8 

6 

2.0022 

1 

0.137 

0.068 

606 

8.9 

20 

2.0036 

2 

0.283 

0.141 

626 

8.6 

26 

2.0021 

4 

0.415 

0.207 

666 

8.8 

61 

2.0018 

6 

0.647 

0.273 

668 

7.7 

67 

2.0008 

10 

0.662 

0.826 

669 

7.6 

73.6 

TABLE  3 


Reaction  of  Butadiene  Polymer  with  Nitric  Acid 

Polymer  contained  60%  double  bonds  in  the  principal  chain;  nitric  acid  con¬ 
centration  55%;  temperature  80° 


Weight  of 
polymer 
taken  (g) 

Duration 
of  reac¬ 
tion  (hour: 

Amount  of  CO2 

Saponifi¬ 

cation 

number 

Nitrogen 
content 
of  poly¬ 
mer  (in  *7 

Weight 
loss  of 
polymer 
(in  %) 

in  g  on 

I  sample 

in  g  on  1  g 
of  polymer 

2.0000 

0.6 

0.161 

0.076 

617 

9.22 

7 

2.0008 

1 

0.246 

0.123 

623 

9.17 

41 

2.0016 

2 

0.408 

0.204 

609 

9.01 

67 

2.0006 

4 

0.467 

0.233 

489 

7.96 

76 

2.0032 

6 

0.660 

0.330 

490 

7.61 

86 

2.0024 

10* 

0.789 

0.394 

98 

*  After  10  hours  the  polymer  was  greatly  degraded  and  therefore  the  saponi¬ 
fication  number  could  not  be  determined. 

It  was  established  as  the  result  of  these  experiments  that  butadiene  rubbers  undergo  deep  structural  changes 
under  the  action  of  nitric  acid,  decomposing  with  evolution  of  large  amounts  of  CO2. 

In  a  separate  series  of  experiments  the  reaction  of  polyisobutylenes,  differing  in  molecular  weight,  with 
nitric  acid  was  studied.  The  results  of  these  experiments  are  given  in  Tables  4-6  and  Fig.  4. 

Combined  nitrogen  was  not  detected  in  the  oxidized  polyisobutylene.  Comparison  of  the  experimental 
data  on  the  oxidation  of  polyisobutylenes  differing  in  molecular  weight  indicates  that  the  oxidation  rate  does 
not  depend  on  the  molecular  weight,  but  the  degradation  rate  Increases  considerably  with  increasing  molecular 
wei^t. 

The  structural  changes  in  polyisobutylene  are  less  deep  than  those  in  butadiene  p>olymers.  Decomposition 
of  the  molecular  chains  and  formation  of  CO2  occurs  only  in  harsh  conditions  (HNO3  concentration  97%).  Degra¬ 
dation  of  polyisobutylene  occurs  at  50°,  but  extensive  decomposition  with  liberation  of  CO2  does  not  take  place. 

It  was  found  that  the  saponification  number  and  amount  of  combined  nitrogen  both  remain  constant, 
irrespective  of  the  time  of  Interaction  of  the  butadiene  polymers  with  nitric  acid.  This  suggest  that  the  formation 
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Fig.  3.  Kinetics  of  CO2  evolution  in 
the  action  of  55<yo  nitric  acid  at  80“ 
on  butadiene  polymers  differing  in 
the  ratio  of  double  bonds  in  the  prin¬ 
cipal  chains  and  vinyl  side  groups 
(SKB-1  and  SKBM-2). 

A)  Amount  of  CO2  per  1  g  polymer, 

B)  time  (in  hours). 

Double  bond  contents  in  the  principal 
polymer  chain  (in  <yo):  1)  30,  2)  60. 


Fig.  4.  Effect  of  temperature  on 
changes  in  the  molecular  weight 
of  polyisobutylene  in  the  reaction 
with  HNO3. 

A)  Molecular  weight  M  •  10"^  , 

B)  time  (in  hours). 

Temperature  (in  *C):  1)  100, 

2)  70. 


TABLE  4 

Change  of  the  Structure  of  Polyisobutylene  after  Interaction  with 
Nitric  Acid 

Molecular  weight  of  polyisobutylene  200  •  10®;  nitric  acid  concen¬ 
tration  97%;  temperature  100’ 


Weight  of 
polymer 

On  g) 

duration  of 
interaction 
(in  hours) 

Amount  of  COg 

Molecular 

weight 

M*  10'® 

in  g  on 
weight  of 
sample 

in  g  per 

1.4816 

0.5 

0.0104 

0.007 

35 

1.4896 

1 

0.0252 

0.0170 

23 

1 .4822 

2 

0.0576 

0.039 

7.7 

1.4822 

4 

0.2:13 

0.157 

4.0 

TABLE  5 

Change  in  the  Structure  of  Polyisobutylene  after  Interaction  with 
Nitric  Acid 

Molecular  weight  of  polyisobutylene  200  •  10®;  nitric  acid  concen¬ 
tration  97%:  temperature  70’ 


Weight  of 

Duration  of 

Amount  of  CO2 

Molecular 

polymer 
(in  g) 

interaction 
(in  hours) 

in  g  on 
weight  of 
sample 

in  g  per 

1  g  poly¬ 
mer 

weight 

M  •  10"® 

1.4810 

2 

0.0192 

0.013 

19.2 

1 .4802 

4 

0.0475 

0.032 

7.5 

1.4818 

6 

O.UOO 

0.074 

7.2 

1.4822 

8 

0.136 

0.092 

5.5 

1 .4808 

10 

0.200 

0.135 

4.2 

1.4814 

12 

0.264 

0.152 

4.0 
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TABLE  6 


Change  in  the  Structure  of  Polyisobutylene  after  Interaction  with 
Nitric  Acid 

Molecular  weight  of  polyisobutylene  50  •  10®;  nitric  acid  concen¬ 
tration  97<yo;  temperature  100“ 


Weight  of 
polymer 

(in  g) 

Duration  of 
interaction 
in  hours) 

Amount  of  C 

in  g  on 
weight  of 
sample 

;p2 

in  g  per 

1 

Molecular 

weight 

M  •  10"® 

1.4820 

2 

0.0496 

0.0384 

7.46 

1.4800 

4 

0.1921 

0.1300 

2.4 

1.4804 

0 

0.3810 

0.268 

2.2 

of  products  of  an  ester  nature  occurs  as  the  result  of  primary  reactions  between  nitric  acid  and  the  most  reactive 
regions  of  the  polymer  molecules. 

It  has  been  established  [2]  that  the  first  step  in  the  action  of  nitric  acid  on  hydrocarbons  is  nitration  with 
formation  of  free  radicals,  as  represented  by  the  scheme: 

2HN03->  HgO  +  NgOg  NO3  +  NOsj, 

RH  +  N02-^R'  +  HN02, 

R'  +  N02->RN02, 

where  RH  is  a  hydrocarbon  molecule  and  R'  is  a  free  radical. 

In  addition  to  nitro  derivatives,  a  range  of  hydrocarbon  oxidation  products  is  formed  in  these  reactions. 

Semenov  states  [2]  that  in  presence  of  oxygen  even  small  amounts  of  NO2  are  capable,  by  forming  free 
radicals,  of  initiating  a  chain  reaction  of  hydrocarbon  oxidation 

R  -|-02—>R00, 

ROO‘+RH-».ROOH  +  R’  etc. 

These  reaction  schemes  can  also  be  extended  to  rubbers. 

SUMMARY 

1.  In  a  study  of  the  action  of  nitric  acid  on  butadiene  polymers  differing  in  the  contents  of  double  bonds 
in  the  principal  chains  and  the  vinyl  side  groups,  and  also  on  polyisobutylenes  of  different  molecular  weights, 
it  was  shown  that  nitric  acid  causes  deep  structural  changes,  resulting  in  decreased  unsaturation,  evolution  of 
COj,  and  loss  of  solubility.  The  reaction  with  HNO3  is  accompanied  by  nitration  of  the  polymer. 

2.  It  is  shown  that  the  reactivity  of  butadiene  polymers  toward  nitric  acid  is  determined  by  the  double 
bond  contents  in  the  principal  molecular  chains. 

3.  It  Is  shown  that  in  the  action  of  nitric  acid  on  polyi  so  butylenes  increase  of  the  molecular  weight  of 
the  polymers  does  not  affect  the  oxidation  rate  but  raises  the  degradation  rate  considerably.  Extensive  decom¬ 
position  of  polyisobutyleries  occurs  only  under  harsh  conditions. 
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STUDY  OF  THE  ANTIOXIDANT  PROPERTIES  OF  HIGHER  PHENOLS* 


M.  V.  Goftman  and  G.  D.  Kharlampovich 
The  S.  M.  Kirov  Polytechnic  Institute,  Urals 

The  composition  of  the  phenols  of  a  typical  coal  tar  from  one  of  the  Eastern  coal  tar  chemical  factories 
was  determined  in  one  of  our  investigations  [1]. 

It  was  found  that,  among  other  phenols,  they  contain  10.3<7oof  naphthols  and  their  homologs,  6.14%  of 
phenylphenols  and  their  homologs,  and  5.7%  of  higher  polycyclic  phenols. 

These  phenols  do  not  constitute  valuable  raw  materials  for  the  synthetic  resin  industry.  Nevertheless,  they 
should  be  effective  antiseptics  [2,  3]  and  good  antioxidants.  It  is  known  that  the  antiseptic  and  antioxidant  pro¬ 
perties  of  phenols  Improve  with  Increasing  numbers  of  benzene  rings  in  the  molecules,  while  alkylation  increases 
the  antioxidant  and  antiseptic  effects  still  further. 

Experiments  in  this  field  had  a  twofold  purpose.  In  addition  to  the  production  of  new  highly  effective 
antiseptics  and  antioxidants,  the  use  of  higher  phenols,  which  are  not  otherwise  utilized,  for  this  purpose  would 
release  considerable  amounts  of  low-boiling  phenols,  which  are  in  short  supply. 

The  results  of  a  study  of  the  antioxidant  action  of  higher  phenols  are  examined  in  this  paper.  The  standard 
substances  used  for  comparison  in  these  experiments  wereot-naphthol,  one  of  the  best  antioxidants  for  cracking 
process  gasolines  [4].  and  0  -naphthol,  one  of  the  best  antioxidants  for  lubricating  oils  [5].  Most  of  the  experi¬ 
ments  were  on  paraffin  wax.  There  were  several  reasons  for  this.  When  paraffin  wax  was  used  for  the  experi¬ 
ments,  a  mixture  of  uniform  chemical  composition  was  being  investigated;  the  influence  of  various  secondary 
processes  was  considerably  less.  The  usual  methods  for  studying  oil  stability  are  essentially  based  on  determina¬ 
tions  of  final  oxidation  products  (acid  substances  and  precipitates).  Paraffin  wax  was  very  convenient  for  studying 
the  effects  of  added  antioxidants  directly  on  the  first  stage  of  the  process  —  peroxide  formation.  This  stage,  which 
determines  the  whole  subsequent  course  of  oxidation,  is  the  most  interesting. 

The  following  phenols  and  mixtures  of  phenols  were  studied:  phenol,  o-cresol,  phenol-cresol  fraction, 
xylenol  fraction,  polyalkylphenol  fraction,  ct-naphthol,  6-naphthol,  wastes  from  ct-naphthol  production,  wastes 
from  0 -naphthol  production,  methylnaphthols,  dimethylnaphthols,  p-phenylphenol,  methylphenylphenols,  and 
heavy  phenols  (boiling  above  330°). 

The  antioxidant  action  of  phenols  was  studied  by  a  method  similar  to  that  used  by  Morawetz  [6]. 

The  apparatus  shown  in  Fig.  1  was  used  for  tire  experiments.  A  sample  of  paraffin  wax  (25  g)  was  put  into 
a  U-tube  immersed  in  an  oil  bath  heated  to  170*  ±  1.5°.  The  temperature  was  regulated  by  a  contact  thermo¬ 
meter  connected  to  a  tube  relay.  Oxygen  was  passed  throught  the  paraffin  wax  from  a  gas  holder  at  a  rate  of 
12-12.5  ml/ininute.  The  amount  of  oxygen  passed  through  was  estimated  by  the  amount  of  water  displaced 
from  the  end  aspirator. 

Several  samples  were  taken  in  the  course  of  each  experiment,  .The  oxidation  rate  was  characterized  by 
the  course  of  a  curve  showing  the  peroxide  content  as  a  function  of  the  amount  of  oxygen  passed,  and  by  the 
induction  period,  i.e.,  the  time  required  to  reach  a  definite  peroxide  content  at  a  given  oxygen  rate. 

•  Communication  I  in  the  series  on  the  utilization  of  higher  phenols  from  coal  tar. 
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As  in  the  paper  by  Morawetz,  we  took  this  content  to  be  equivalent  to  50  milliequivalents  of  Na2S203 
per  1  kg  of  the  oxidized  material. 


Fig.  1.  Apparatus  for  oxidation  of  paraffin  wax. 
a)  U-tube  with  paraffin  wax,  b)  thermostat,  c)  stirrer,  d) 
contact  thermometer,  e)  tube  relay,  f)  bottle  with  H2SO4, 
g)  flow  meter,  h)  aspirator. 

The  antioxidant  concentrations  used  in  the  experiments  were  0.05‘7o  and  0.1%.  It  was  found  in  separate 
experiments  that  the  antioxidant  activity  at  concentrations  of  the  order  of  0.01%  is  very  low.  2-3  parallel  ex¬ 
periments  were  performed  for  each  concentration. 

For  adding  a  definite  amount  of  antioxidant  to  the  paraffin  wax,  an  accurately  weighed  amount  (0, 7-1.0  g) 
of  the  phenol  to  be  studied  was  placed  in  a  pycnometer  10  ml  in  capacity.  The  phenol  was  dissolved  in  alcohol; 
the  volume  of  the  solution  was  brought  to  10  ml,  and  a  calculated  volume  of  the  alcoholic  solution  was  intro¬ 
duced  into  the  melted  paraffin  wax.  To  remove  the  alcohol,  the  wax  was  kept  for  an  hour  at  110"  in  a  drying 
oven. 

Samples  from  the  U-tube  were  taken  after  10-20  minutes  in  experiments  with  pure  paraffin  wax,  and  after 
30-50  minutes  in  experiments  with  inhibitors.  The  peroxide  contents  of  the  samples  were  determined  by  the 
following  method. 

The  paraffin  wax  sample  (0.3-0. 4 g)  was  dissolved  in  20  ml  of  dichloroethane  on  warming.  CO2  was  passed 
through  the  solution  to  displace  dissolved  air.  10  ml  of  a  solution  of  HCl  in  acetic  acid  (4  ml  of  concentrated 
hydrochloric  acid  in  1  liter  of  glacial  acetic  acid)  and  1  ml  of  20%  potassium  iodide  solution  were  then  added. 
After  5-8  minutes  the  solution  was  diluted  with  50  ml  of  water;  the  liberated  iodine  was  titrated  with  0.01  N 
thiosulfate  solution. 

The  induction  period  was  calculated  on  the  basis  of  an  average  oxygen  rate  of  0.5  liter/ kg-min. 

The  peroxide  content  was  calculated  by  the  formula 

■  millmquvvN 328203  _ 1000  •  b  •  N 

kg  raw  material  «  ’ 


where  N  is  the  normality  of  the  solution,  b  is  the  amount  of  solution  taken  (in  ml),  and  a,  is  the  weight  of  the 
sample  (in  g). 

The  variations  of  peroxide  contents  with  the  amounts  of  oxygen  passed  in  paraffin  was  without  additions, 
and  paraffin  v/ax.with  additions  of  0.05%  each  of  phenol;  o-cresol;  phenol-cresol,  xylenol,  and  polyalkylphenol 
fractions;  heavy  pVienols;  and  ct-naphthol;  are  shown  graphically  in  Fig.  2. 

The  corresponding  curves  for  pure  paraffin  wax,  and  paraffin  waxescontaining  0.05%  each  of  ot-naphthol, 
0-naphthol,  methylnaphthols,  and  dimethylnaphthols  are  shown  in  Fig.  3. 

Figure  4  shows  curves  for  pure  paraffin  wax,  and  paraffin  wax  with  additions  of  0.05%  of  a-naphthol, 
a-naphthol  wastes,  0-naphthol  wastes,  p-phenylphenol,  and  methylphenylphenols. 
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Fig.  2.  Experiments  on  oxidation  of  paraffin  wax  stabilized  by  addi¬ 
tions  of  0.05«y'oof  antioxidants. 

A)  Peroxide  contents  (in  milliequiv.  Na2S203/kg  paraffin  wax),  B) 
oxygen  consumption  (in  liters/ kg),  C)  duration  of  oxidation  (in 
minutes). 

Additions:  1)  pure  paraffin  wax,  2)  phenol,  3)  phenol-cresol  fraction, 
4)  o-cresol,  5)  xylenol  fraction,  6)  polyalkylphenol  fraction,  7)  heavy 
phenols,  8)  a-naphthol. 


Fig.  3.  The  same  as  Fig.  2. 

Additions;  1)  pure  paraffin  wax,  2)  a-naphthol,  3)  0-naphthol,  4)  methyl- 
naphthols,  5)  dimethylnaphthols. 

Figure  5  shows  curves  for  pure  paraffin  wax,  and  paraffin  wax  with  additions  of  0.1  %  of  a-naphthol, 
0-naphthol,  methylnaphthols,  and  dimethylnaphthols. 

Figure  6  shows  curves  for  pure  paraffin  wax  and  paraffin  wax  with  additions  of  0.1%  of  a-naphthol, 
a-naphthol  wastes,  0-naphthol  wastes,  p-phenylphenol,  and  methylphenylphenols. 
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Fig.  4.  The  same  as  Fig.  2. 

Additions:  1)  pure  paraffin  wax,  2)  a-naphthol,  3)  a-naphthol  wastes, 
4)  0-naphthol  wastes,  5)  p-phenylphenol,  6)  methylphenylphenols. 


Results  of  Experiments  to  Determine  the  Stabilizing  Effects  of  Various  Phenols 
in  the  Oxidation  of  Paraffin  Wax 


Additive 


Amount  added 

m 


Induction  period 
in  min.(hours) 


No  addition 

Phenol 

o-Cresol 

Phenol- cresol  fraction 
Xylenol  fraction 
Polyalkylphenol  fraction 
Heavy  phenols  (330-360") 
a-Naphthol 
6  -Naphthol 
Methylnaphthols 
Dimethylnaphthols 
a- Naphthol  wastes 
B -Naphthol  wastes 
p-Phenylphenol 
Methylphenylphenol 


0.00 


0.0.') 


10(0.17) 
25  (0.42) 
60  (1.00) 
45  (0.75) 
95  (1.58) 
180(3.00) 
200  (3.33) 
6,50  (10.83) 
270  (4.50) 
795(13.25) 
906  (15.10) 
390(6.50) 
300  (5.00) 
280  (4.67) 
340  (5.67) 


a- Naphthol 
6  -  Naphthol 
Methylnaphthols 
Dimethylnaphthols 
a- Naphthol  wastes 
0  -  Naphthol  wastes 
p-Phenylphenol 
M  ethylphenylphenol 


1  535  (8.92) 

350(5.83) 
1300(21.67) 
2300(21.67) 
'  300(5.00) 

450(7.60) 
520(8.67) 
540(9.00) 


The  results  of  the  graphical  determinations  of  the  induction  period  are  given  in  the  table. 

The  results  of  the  investigation  show  that  the  most  valuable  antioxidants  are  methyl-  and  dimethylphenolsj 
are  superior  to  a-naphthol. 

The  increase  of  antioxidant  activity  on  alkylation  is  thus  also  found  in  the  naphthol  homologs. 
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Fig.  6,  The  same  as  Fig.  5. 

Additions:  1)  pure  paraffin  wax,  2)  g-naphthol  wastes,  3) 
a-naphthol  wastes,  4)  p-phenylphenol,  5)  a-naphthoi,  6) 
m  etliylphenylphenols. 

Some  suggestions  concerning  tlie  mechanism  of  oxidation  of  antioxidants  can  be  made  as  the  result  of 
observations  of  changes  in  paraffin  wax  in  the  course  of  oxidation. 

The  general  nature  of  the  variations  of  peroxide  content  during  oxidation  of  pure  paraffin  wax  can  be  seen 
in  Fig,  7, 

The  graph  shows  that  the  peroxide  content  rises  rapidly,  reaches  a  maximum,  and  then  begins  to  decrease. 
At  the  instant  when  the  maximum  is  reached  an  odor  of  rancid  oil  becomes  apparent  and  acidity  begins  to  in¬ 
crease.  Up  to  tliat  moment  the  acid  coneiit  is  negligible. 


Fig.  7.  Oxidation  of  pure  par¬ 
affin  wax. 

A)  Contents  of  oxidation  pro¬ 
ducts,  b)  Duration  of  oxidation. 
Curves  for  contents  of:  1)  per¬ 
oxides;  2)  carboxylic  acids. 


a  be 


Fig,  8.  Oxidation  of  stabilized  paraffin 
wax. 

A)  Peroxide  contents,  B)  duration  of 
oxidation. 
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The  curve  for  paraffin  with  added  antioxidant  is  of  a  different  character  (Fig.  8).  The  peroxide  content 
remains  unchanged  for  a  long  time  (Region  ab).  A  dark  color  begins  to  develop  at  the  point  b.  At  tlie  c  the 
color  reaches  its  maximum  Intensity  and  disappears.  The  Region  be  comprises  15-20'yoof  ac.  This  is  followed 
by  a  very  rapid  rise  of  peroxide  content.  The  antioxidant  is  completely  exhausted.  Intensive  oxidation  begins, 

Oxidation  of  the  antioxidant  therefore  proceeds  in  several  stages.  At  the  first  stage  colorless  oxidation 
products  are  formed,  at  the  second  stage,  brightly  colored,  and  at  the  third,  colorless  again. 


Let  us  consider  logically  the  possible  mechanism  of  the  process  in  the  case  of  a-naphthol.  We  can  imagine 
several  possible  oxidation  products  of  a-naphthol; 
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The  formation  of  phthalic  anhydride  at  the  first  stage  is  unlikely.  In  any  event,  it  could  not  give  a 
colored  product  on  further  oxidation.  Naphthoquinones  and  dinaphthol  cannot  be  the  first  stage  products.  They 
are  colored,  while  the  color  of  the  paraffin  wax  does  not  change  at  the  first  stage  even  with  a  high  a-naphthol 
content.  This  leads  to  the  suggestion  that  the  product  of  the  first  oxidation  stage  of  a-naphthol  is  its  or 
p-dihydroxy  derivative,  or  a-naphtliol  peroxide  (d)  if  die  O;  and  p-positions  were  occupied  by  alkyl  groups. 


Consequently,  in  the  case  of  a-naphthol  it  can  only  be  one  of  the  dihydroxy  derivatives. 

At  the  second  stage  the  dihydroxy  derivative  acts  as  the  antioxidant.  At  this  stage  the  stabilized  paraffin 
wax  acquires  a  red  or  orange  color.  For  example,  if  a-naphthol  is  used,  the  color  is  intense  red.  This' color 
may  be  explained  by  formation  of  naphthoquinones  or  aa' -dinaphthol 
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aa’ -dinaphthol 
(gives  a  violet  color ) 
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Formation  of  aa'-dinaphthol  is  improbable.  Oxidation  occurs  at  the  second  stage,  while  dlnaphthol  is 
not  an  oxidation  product  of  the  dihydroxy  derivative.  The  color  of  tlie  paraffin  wax  also  confirms  tliat  forma¬ 
tion  of  dinaphtliol  is  unlikely. 

Consequently,  naphthoquinones  must  be  formed  at  the  second  stage.  It  is  known  that  quinones  of  p-struc- 
ture  are  yellow,  and  quinones  of  o-structure  are  red.  The  red  color  of  tlie  paraffin  wax  suggests  that  o- quinones 
are  predominantly  formed. 

Finally,  at  the  third  stage  the  color  disappears  —  the  chromophore  group  is  destroyed. 

In  the  case  of  naphthols  the  last  stage  should  be  formation  of  phtlialic  anhydride,  which  is  the  final  oxida¬ 
tion  product  both  of  a-naphthol  and  of  3-naphthol. 

The  complete  hypothetical  mechanism  of  the  action  of  phenolic  additives  can  be  represented  by  the  follow¬ 
ing  scheme: 
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To  prove  this,  it  is  necessary  to  carry  out  a  detailed  spectroscopic  investigation  of  stabilized  petroleum 
products  and  to  attempt  to  isolate  the  oxidation  products  of  tlie  antioxidant  at  various  stages  by  chromatographic 
mediods.  However,  such  detailed  investigations  were  outside  tlie  intended  framework  of  our  study  and  therefore 
were  not  carried  out. 


SUMMARY 

In  a  study  of  the  antioxidant  properties  of  higher  phenols  it  has  been  shown  that  the  antioxidant  properties 
of  methylnaphthol  and  dimethylnaphthol  oils  are  much  better  than  those  of  a-naphthol  or  6-naphthol. 
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THE  PRODUCTION  OF  2  -  M  ERC  A  P  TOBE  N  Z  O  THI  A  Z  O  LE 


V.  A.  Ivanova  and  A.  N.  Shebuev 


2-MercaptobenzothiazoIe,  or  Captax,  is  an  important  vulcanization  accelerator  for  rubber.  The  com¬ 
monest  method  for  its  industrial  production  is  by  heating  of  equimolecular  amounts  of  aniline,  sulfur,  and  carbon 
disulfide  in  an  autoclave  at  250-270”.  Many  investigations  have  dealt  with  studies  and  improvements  of  this 
process,  but  the  reaction  mechanism  leading  to  formation  of  2-mercaptnbenzothiazole  is  still  not  clear. 

The  opinion  was  previously  held  that  the  first  stage  in  the  conversion  of  aniline  into  2-mercaptobenzo- 
thiazole  is  acylation  of  aniline  by  carbon  disulfide  with  formation  of  thiocarbanilide  [1].  The  basis  for  this 
opinion  is  the  conversion  of  thiocarbanilide  into  2-mercaptobenzothiazole  when  heated  with  sulfur  to  250°  in  a 
sealed  tube;  moreover,  thiocarbanilide  is  formed  in  considerable  amounts  at  the  start  of  the  process  when  aniline, 
sulfur,  and  carbon  disulfide  are  heated  together,  and  disappears  at  the  end. 

It  is  also  known  that  diacylated  aniline,  or  phenyl  mustard  oil  (CgH5NCS),  also  gives  rise  to  2-mercapto- 
benzofliiazole  when  heated  with  sulfur  at  the  same  temperature  [2]. 

These  facts  suggested  that  formation  of  2-mercaptobenzothiazole  is  preceded  by  acylation  of  aniline  witfi 
formation  of  thiocarbanilide  or  phenyl  mustard  oil.  Several  authors  considered  that  anilinobenzothiazole,  which 
is  usually  present  in  the  reaction  mass  is  an  intermediate  product  in  the  synthesis  of  2-mercaptobenzothiazole. 
This  view  was  also  based  on  the  easy  conversion  of  anilinobenzothiazole  into  2-mercaptobenzothiazole  under 
the  action  of  hydrogen  sulfide,  sulfur,  and  carbon  disulfide  [3]. 

This  paper  describes  a  further  study  of  the  reproduction  of  2-mercaptobenzothiazole,  by  Investigation  of  the 
behavior  of  both  the  original  and  of  the  Intermediately  formed  substances  under  industrial  production  conditions 
(at  250”), 

The  first  reaction  observed  when  a  mixture  of  aniline,  sulfur,  and  carbon  disulfide  is  heated  to  170”  is  the 
reversible  acylation  of  aniline  by  carbon  disulfide  with  formation  of  thiocarbanilide  according  to  the  scheme 


2CeH5N +  GS;,  ^  (CcHsNlOsGS  -j-  HoS. 

Our  investigations  showed  that  thiocarbanilide  decomposes  when  heated  above  160”,  with  formation  of 
free  aniline.  At  160”  thiocarbanilide  does  not  react  with  sulfur;  at  250”  2-mercaptobenzothiazole,  anilinobenzo- 
thiazole,  aniline,  and  hydrogen  sulfide  are  formed;  therefore  the  reaction  with  sulfur  begins  only  upon  decompo¬ 
sition  of  thiocarbanilide  with  formation  of  aniline.  In  the  present  instance  thermal  decomposition  of  thiocarban¬ 
ilide  with  formation  of  aniline.  In  the  present  instance  thermal  decomposition  of  thiocarbanilide  occurs.  In  the 
production  of  2-mercaptobenzothiazole  by  the  action  of  heat  on  a  mixture  of  aniline,  sulfur,  and  carbon  disul¬ 
fide  the  high  temperature  and  presence  of  hydrogen  sulfide  should  induce  decomposition  of  the  thiocarbanilide 
formed  into  aniline  and  carbon  disulfide,  but  our  experiments  showed  that  decomposition  of  thiocarbanilide  is 
retarded  in  presence  of  carbon  disulfide.  Therefore  the  equilibrium  between  the  reactions  of  formation  and 
decomposition  of  thiocarbanilide  will  depend  on  the  temperature  and”  concentrations  of  the  reactants. 

When  the  reaction  mass  is  heated  in  an  autoclave  above  170”,  when  the  reaction  between  aniline  and 
sulfur  begins,  the  equilibrium  in  Reaction  (I)  will  be  shifted  to  the  left,  up  to  complete  decomposition  of  thio¬ 
carbanilide,  with  decreasing  contents  of  free  aniline  and  increasing  contents  of  hydrogen  sulfide. 
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Thiocarbauillde  is  not  an  intermediate  product  in  the  formation  of  2-mercaptobenzotliiazole  from  aniline, 
and  is  converted  into  the  original  aniline  when  the  reaction  mass  is  heated. 

When  aniline  reacts  with  carbon  disulfide,  in  addition  to  thlocarbanilide,  phenyl  mustard  oil  may  also  be 
formed  according  to  the  equation 


CellfiN  II2  +  GSa  CaUgNCS  +  HjjS  (11) 

Moreover,  phenyl  mustard  oil  may  also  be  formed  in  the  thermal  decomposition  of  thiocarbanilide,  and  it  was 
therefore  of  interest  to  study  its  properties  in  conditions  of  2-mercaptobenzothiazole  formation. 

In  a  study  of  the  reaction  of  phenyl  mustard  oil  with  sulfur  at  250-260°,  Shebuev  [4]  showed  tfiat  the  dry 
and  thoroughly  purified  substances  do  not  react,  and  are  obtained  unchanged  after  heating  for  6  hours  at  260°, 

We  have  shown  that  the  reaction  between  phenyl  mustard  oil  and  sulfur  with  formation  of  2-mercapto¬ 
benzothiazole  and  other  substances  occurs  only  in  presence  of  substances  which  saponify  phenyl  mustard  oil  to 
aniline.  The  saponifying  agents  studied  were  water,  hydrogen  sulfide,  methyl,  isoamyl,  and  octadecyl  alcohols, 
and  acetic  acid. 

It  follows  from  the  results  tliat  formation  of  2-mercaptobenzothiazole  begins  only  in  presence  of  free 
aniline,  and  phenyl  mustard  oil  is  not  an  intermediate  product  in  the  synthesis  of  2-mercaptobenthiazole. 

When  a  mixture  of  aniline,  sulfur,  and  carbon  disulfide  is  heated  above  170*,  a  second,  this  time  Irreversi¬ 
ble,  reaction  begins  between  aniline  and  sulfur  with  formation  of  2,2*-diaminodiphenyl  disulfide.  It  Is  known 
that  the  latter  is  reduced  by  hydrogen  sulfide  to  give  2-aminothiophenol  [5].  Hofmann  [6]  postulated  that  die 
disulfide  and  2-aminothiophenol  react  with  carbon  disulfide  to  give  an  acyl  derivative  which  is  rapidly  converteil 
into  2-mercaptobenzothiazole. 

It  was  of  interest  to  isolate  the  acyl  derivative  and  to  determine  the  optimum  conditions  for  tlila/ole  ring 
closure,  and  in  particular  to  find  whether  a  high  temperature  (250°)  is  required.  We  did  not  succeed  in  Isolating 
the  acylation  product  on  heating  of  2,2'-diaminodiphenyl  disulfide  and  2-amlnothiophenol  with  carbon  disulfide, 
probably  because  of  the  high  rate  of  closure  of  the  thiazole  ring  and  of  2-mercaptobenzothiazole  formation,  'file 
reaction  proceeds  rapidly  in  an  alkaline  medium  at  20°.  Therefore,  in  order  to  establish  that  the  formation  of 
2-mercaptobenzotliiazole  passes  through  the  stage  of  acylation  of  the  amino  group  of  tlie  disulfide  or  2-ami  110- 
thiophenol,  we  acylated  4-aminotliiophenol,  which  does  not  form  a  tliiazole  ring,  and  obtained  4,4'-dimercapto- 
diphenylthiourea,  which  is  readily  soluble  in  alkalies  and  which,  on  oxidation  in  air,  passes  into  a  substance 
insoluble  in  acids,  alkalies,  and  the  common  organic  solvents.  The  composition  of  the  substance  corresponds  to 
the  empirical  formula  C13HJ0N2S3.  The  action  of  zinc  dust  and  hydrochloric  acid  on  this  substance  regenerates 
4,4'-dimercaptodlphenylthiourea. 

It  may  be  assumed  by  analogy  that  carbon  disulfide  acylates  the  amino  group  of  2-aminothiophenol  or 
2,2*-diamlnodiphenyl  disulfide,  and  the  compound  formed  rapidly  passes  into  2-mercaptobenzotliiazole. 

To  confirm  this  presumed  course  of  2-mercaptobenzothiazole  formation  through  2,2'-diaTninodiphenyl 
disulfide,  it  was  important  to  detect  the  latter  and  isolate  it  from  the  reaction  mass. 

When  a  mixture  of  aniline,  sulfur,  and  carbon  disulfide  had  been  heated  in  an  autoclave  for  3  hours  at 
250-260°  and  tlie  reaction  mass  cooled  rapidly  to  20°,  2,2'-diaminodiphenyl  disulfide  with  m.p.  93°  (after  re¬ 
crystallization  from  50^0  alcohol)  was  obtained  from  it  by  treatment  with  dilute  hydrochloric  acid. 

It  should  be  noted  tliat  when  the  process  was  carried  out  normally,  with  gradual  cooling  of  the  reaction 
mass,  2,2'-diaminodlphenyl  disulfide  could  not  be  detected,  probably  because  of  the  high  rate  of  its  conversion 
into  2-mercaptobenzothiazole. 

As  was  noted  earlier,  2,2’-diaminodiphenyl  disulfide  is  readily  reduced  by  hydrogen  sulfide  in  a  hydro¬ 
chloric  acid  medium  according  to  the  reaction 

IIjN/N 

I  1  I  |+n,s^2|  +S 
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It  seemed  possible  that  this  process  takes  place  on  interaction  of  aniline  and  sulfur,  which  is  accompanied 
by  evolution  of  hydrogen  sulfide.  However,  2-aminothiophenol  was  not  detected  after  sulfur  had  been  heated 
with  aniline  in  a  sealed  glass  tube  at  250-260*  for  5  hours.  It  was  assumed  that  the  2-aminothiophenol  formed 
is  oxidized  by  elemental  sulfur. 

To  confirm  this,  we  mixed  2-aminothiophenol  and  sulfur  at  20*.  It  was  found  that  sulfur  dissolves  rapidly 
In  2-aminothlophenol  with  violent  evolution  of  hydrogen  sulfide.  With  a  2 : 1  molar  ratio  of  2-aminothiophenal 
and  sulfur  we  obtained  2,2'-dIaminodiphenyl  disulfide,  probably  according  to  the  reaction 

2H2NG6H4SH  +  S  ->  (H2NGeH4S)2  +  H2P. 

The  ease  with  which  2-aminothiophenol  is  converted  into  the  disulfide  explains  its  absence  after  aniline  has  been 
heated  with  sulfur,  when  excess  of  free  sulfur  is  usually  present. 

Analysis  of  the  reaction  mixture  during  the  heating  of  aniline,  sulfur,  and  carbon  disulfide  shows  considera¬ 
ble  amounts  of  anilinobenzothiazole,  which  almost  disappears  at  the  end  of  the  process. 

Continuing  our  investigation  of  the  process,  we  found  that  anilinobenzothiazole  is  readily  formed  when 
2-mercaptobenzothlazole  and  aniline  are  heated,  by  the  reversible  reaction 

/Nv  /N. 

H2NGfiH5  ^  GeH4/ ^^G-HNGgHr,  +  H2S. 

The  equilibrium  position  in  the  reaction  depends  on  the  proportions  of  the  reagents.  At  the  start  of  the 
process,  when  a  considerable  excess  of  aniline  is  present,  all  the  2-mercaptobenzothiazole  formed  is  bound  in 
the  form  of  anilinobenzothiazole.  As  the  reaction  mass  is  heated  further,  the  reverse  reaction  of  decomposition 
of  anilinobenzothiazole  into  the  original  2-mercaptobenzothiazole  and  aniline  takes  place,  as  the  amount  of 
free  aniline  diminishes  and  that  of  hydrogen  sulfide  increases. 

It  may  be  concluded  from  this  investigation  that  anilinobenzothiazole  is  not  an  intermediate  compound  in 
the  synthesis  of  2-mercaptobenzothiazole,  but  is  a  side  product,  which  is  relatively  easily  converted  into  2-mer¬ 
captobenzothiazole,  mainly  by  the  action  of  hydrogen  sulfide  at  temperatures  not  below  220*. 

In  considering  the  temperature  conditions  of  the  above  reactions  it  should  be  noted  that  the  irreversible 
conversion  of  aniline  into  2,2*-diaminodiphenyl  disulfide,  leading  to  formation  of  2-mercaptobenzothiazole, 
begins  at  temperatures  above  170*.  Decomposition  of  thiocarbanilide  also  occurs  above  170°,  while  acylation 
and  closure  of  the  thiazole  ring  occur  in  an  alkaline  medium  at  20°.  Decomposition  of  anilinobenzothiazole 
also  requires  a  temperature  above  220°, 

The  2-mercaptobenzothiazole  formed  is  unstable  at  260-270°  and  is  partially  converted  into  benzothiazole, 
which  we  detected  and  isolated  both  after  heating  pure  2-mercaptobenzothiazole  in  a  sealed  glass  tube  at  260- 
270°,  and  from  waste  products  of  2-mercaptobenzothiazole  manufacture.  The  specific  sharp  odor  of  the  reaction 
products  is  caused  by  presence  of  benzothiazole. 

On  the  basis  of  tlie  foregoing,  the  chemical  reactions  which  occur  when  aniline,  sulfur,  and  carbon  disul¬ 
fide  are  heated  together  in  an  autoclave  can  be  represented  by  the  following  scheme: 
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EXPERIMENTAL 


Reaction  of  thlocarbanilide  with  sulfur.  Thiocarbanilide  was  prepared  by  stirring  together  a  mixture  of 
aniline,  carbon  disulfide,  and  aqueous  alkali.  The  reaction  product  was  purified  by  crystallization  from  alcohol. 
After  being  dried  over  phosphorus  pentoxide  it  had  m.p,  153. T  (literature  data,  m.p.  164“). 

A  solid  crystalline  mass  was  obtained  by  heating  0.75  g  of  thiocarbanilide  and  0.1  g  of  sulfur  at  160“  for 
2  hours  in  an  open  tube  protected  from  access  of  air.  0.08  g  of  sulfur  was  separated  off  after  dilution  with  alcohol 
and  warming.  Dilution  of  the  filtrate  with  water  gave  0.73  g  of  thiocarbanilide  with  m.p.  140“;  a  mixture  with 
pure  thiocarbanilide  had  m.p.  141“. 

After  the  thiocarbanilide  had  been  heated  in  a  sealed  tube  at  250-255“,  hydrogen  sulfide,  aniline,  and  0.4  g 
of  thiocarbanilide  with  m.p.  150“  were  detected;  m.p.  of  a  mixture  with  pure  thiocarbanilide  was  152“. 

Thermal  stability  of  thiocarbanilide.  After  0.75  g  of  thiocarbanilide  had  been  heated  with  0.1  g  of  sulfur 
at  250-255”  for  5  hours,  aniline  and  a  solid  substance  were  obtained.  After  removal  of  aniline  by  steam  distilla¬ 
tion,  0.1  g  of  2-mercaptobenzotliiazole  with  m.p.  176-177”  (literature  data,  m.p.  179°)  was  extracted  from  the 
solid  substance  by  treatment  with  5%  caustic  soda  solution.  Treatment  of  the  residue  with  10%  hydrochloric  acid 
yielded  0.2  g  of  anilinobenzothiazole  with  m.p.  152-156“;  m.p.  of  a  mixture  with  anilinobenzothiazole,  164.6- 
156“ . 


Reaction  of  phenyl  mustard  oil  with  sulfur.  Phenyl  mustard  oil  was  prepared  by  decomposition  of  thiocarban¬ 
ilide  with  hydrochloric  acid.  The  twice-distilled  oil  was  a  colorless  liquid  with  b.p.  220“  at  738  mm  Hg. 

The  sulfur  used  was  twice  crystallized  from  benzene  and  kept  in  a  desiccator  over  phosphorus  pentoxide, 

1,35  g  (0.01  mole)  of  phenyl  mustard  oil  and  0.32  g  (0.01  mole)  of  sulfur  were  heated  together  in  a  sealed 
glass  tube  at  250“  for  5  hours.  After  cooling  and  dilution  with  10  ml  of  alcohol,  0.3  g  of  unchanged  sulfur  was 
separated  off.  Dilution  of  the  alcoholic  solution  with  water  and  heating  to  50“  yielded  1.25  g  of  unchanged  phenyl 
mustard  oil,  from  which  thiocarbanilide  with  m.p.  152"  was  obtained  on  mixing  with  aniline. 

Repetition  of  the  same  experiments  in  presence  of  different  amounts  of  water  gave  the  following  results 
(Table). 


Reaction  of  Phenyl  Mustard  Oil  with  Sulfur 

(1.5  g  of  phenyl  mustard  oil  and  0.35  g  of  sulfur  taken) 


Experi¬ 
ment  No. 

Water  taken 

(in  g) 

Obtained  (in  g) 

phenyl  mus¬ 
tard  oil 

1 

sulfur 

thiocarban¬ 

ilide 

anilinobenzo¬ 

thiazole 

1  * 

! 

0.004 

J  .25 

0.3174 

2 

0.0128 

1.25 

0.3226 

— 

— 

:$ 

0.0298 

A  little 

0.19 

Present 

0.91 

In  Experiment  3  0.19  g  of  sulfur,  or  54.3% of  the  amount  taken,  was  obtained.  The  alcoholic  solution  was 
distilled  in  steam.  The  distillate  contained  phenyl  mustard  oil  and  white  crystals.  After  extraction  with  ether 
and  removal  of  the  ether  by  distillation  white  plates  were  obtained,  moist  with  phenyl  mustard  oil.  The  total 
weight  was  0.35  g.  After  being  washed  with  ether  the  crystals  had  m.p.  151.5^152".  A  mixture  with  thiocarbani¬ 
lide  melted  at  152!’.  After  separation  of  the  ether  layer,  aniline  was  detected  in  the  distillate.  The  mass  after 
steam  distillation  contained  a  residue  insoluble  in  alkali;  weight  0.91  g.  After  recrystallization  from  alcohol  the 
m.p.  was  156“.  A  mixture  with  anilinobenzothiazole  melted  at  156“, 

Reaction  of  4-aminothiophenol  with  carbon  disulfide.  Through  a  mixture  of  1,25  g  (0.01  mole)  of  4-amino- 
thlophenol  (made  by  boiling  paranitrochlorobenzene  with  sodium  sulfide  solution  and  purified  by  vacuum  distilla¬ 
tion),  0.4  g  of  caustic  soda,  and  10  ml  of  water,  carbon  dioxide  saturated  with  carbon  disulfide  was  passed  at  80“ 
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disulfide  and  0.5  g  (0.006  mole)  of  carbon  disulfide  was  heated  in  a  sealed  tube  at  240-250*  for  2.5  hours.  After 
treatment  of  the  resultant  solid  mass  with  10%  caustic  soda  solution  and  filtration,  0,05  g  of  sulfur  was  separated 
off.  Acidification  of  the  filtrate  gave  0.52  g  of  2-mercaptobenzothiazole  with  m.p,  179"  (75.2%  of  tlie  ilieoretlc- 
ally  calculated  yield). 

Reaction  of  2-aminothiophenol  with  carbon  disulfide,  A  mixture  of  0.5  g  (0.004  mole)  of  2-amlnotlilo- 
phenol  and  0.5  g  (0.006  mole)  of  carbon  disulfide  was  heated  in  a  sealed  tube  for  5  hours  at  240-250*,  Acidifi¬ 
cation  of  the  solid  mass  with  dilute  hydrochloric  acid  yielded  0.55  g  of  2-mercaptobenzothiazole  with  m.p, 

179.5*  (81,8%  of  the  theoretically  calculated  yield). 
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Addition  of  zinc  chloride  and  sodium  acetate  to  the  add  solution  gave  a  white  precipitate  of  the  zinc 
salt  of  2-amino thiophenol. 

Reaction  of  2-mercaptobenzothiazole  with  aniline.  1)  A  mixture  of  0.12  g  (0.0007  mole,  m.p.  179*)  of 
2-mercaptobenzothiazole  and  0.5  g  (0.0053  mole)  of  aniline  was  heated  in  a  sealed  glass  tube  for  5  hours  at 
240-250°;  a  solid  mass  with  an  odor  of  hydrogen  sulfide  was  obtained.  Addition  of  10%  hydrochloric  acid,  fil¬ 
tration,  and  addition  of  all<ali  to  the  filtrate  yielded  a  white  crystalline  product  with  m.p.  151.5°.  After  re¬ 
crystallization  from  alcohol  the  m.p.  was  158°,  m.p.  of  a  mixture  with  pure  anilinobenzothiazole  158.5°  (litera¬ 
ture  data,  m.p.  159°). 

3.935  mg  substance;  0.438  mg  N2  (737  ml  N2  (737  ml,  20.4°); 

7.136  mg  substance;  18.17  mg  CO2;  2.812  mg  H2O. 

Found  %:  C  69.48,  H  4.41,  N  12.54;  Ci3HioN2S. 

Calculated  %:  C  69.02,  H  4.42,  N  12.3. 


2)  Under  the  same  conditions,  a  mixture  of  0.47  g  (0.005  mole)  of  aniline  and  0.84  g  (0.005  mole)  of 
2-rfiercaptobenzothiazole  yielded  0.34  g  of  anilinobenzothiazole  with  m.p.  15T,  0.3  g  of  aniline,  and  0.5  g 
of  2-mercaptobenzothiazole. 

Thermal  stability  of  2-mercaptobenzothiazole.  0.75  g  of  2-mercaptobenzothiazole  (m.p.  179°)  was  heated 
in  a  sealed  tube  for  18  hours  at  260-270°.  A  dark  amorphous  mass  was  obtained.  Treatment  with  h%  caustic 
soda  solution  and  acidification  of  the  filtrate  gave  2-mercaptobenzothiazole  with  m.p.  160°.  The  part  of  the 
reaction  mass  insoluble  in  alkali  was  distilled  in  steam.  Several  drops  of  a  heavy  colorless  oil  witli  b.p,  230° 
(determined  in  Sivolobov's  apparatus)  were  obtained  from  the  distillate. 

6.08  mg  substance:  13.914  mg  CO2;  2.102  mg  H2O;  4.23  mg  SO4. 

Found  <70;  C  62.45,  H  3.86,  S  23.22;  C7H5NS. 

Calculated  %;  C  62.22,  H  3.7,  S  23.7. 


Treatment  of  the  benzothiazole  with  benzoyl  chloride  in  an  alkaline  medium  yielded  the  NS-dibenzoyl 
derivative  with  m.p.  153-154*  (literature  data,  m.p.  154°). 

SUMMARY 

1.  The  reaction  of  2-mercaptobenzothlazole  formation  begins  with  interaction  of  aniline  and  sulfur,  and 
entry  of  sulfur  into  the  ortho  position  to  the  amino  group.  The  2,2'-diaminodiphenyl  disulfide  formed  is  acylated 
by  carbon  disulfide  to  give  2,2’-dimercaptodiphenylthiourea,  which  is  rapidly  converted  into  2-mercaptobenzo- 
thiaZole. 

2.  The  acylation  product  of  aniline  —  thiocarbanilide  —  and  the  product  of  the  reaction  of  2-mercapto¬ 
benzothiazole  with  aniline  —  anilinobenzothiazole  —  are  not  intermediate  products  in  the  synthesis  of  2-mercapto¬ 
benzothiazole,  but  unstable  side  products,  which  decompose  under  the  synthesis  conditions  to  give  the  original 
substances. 

3.  phenyl  mustard  oil,  an  acylation  product  of  aniline,  reacts  with  sulfur  only  in  presence  of  substances 
which  saponify  it  to  aniline  (water,  hydrogen  sulfide,  alcohols,  and  acetic  acid).  The  presence  of  phenyl  mustard 
oil  in  the  reaction  is  improbable  ov/ing  to  its  extreme  instability  in  presence  of  hydrogen  sulfide. 

4.  Interaction  of  4- amino  thiophenol  with  carbon  disulfide  results  in  acylation  of  the  amino  group  with 
formation  of  d.d'-Jdimercaptodiphenylthiourea;  it  is  therefore  concluded  that  carbon  disulfide  reacts  with  2,2*- 
-diaminodiphenyl  disulfide  and  2-aminothiophenol. 

5.  The  absence  of  2-aminothiophenol  in  the  reaction  mass  is  explained  by  its  interaction  with  sulfur  to 
form  2,2'-diaminodiphenyl  disulfide. 

6.  2-Mercaptobenzothiazole  is  unstable  at  260-270°,  and  decomposes  to  form  benzothiazole. 
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THE  REACTION  OF  TETRAETHOXYSILANE  WITH  ALUMINUM  GLYCERATE 


A.  N,  Chivikova 

The  D.  I.  Mendeleev  Institute  of  Chemical  Technology,  Moscow 


We  have  already  reported  [1]  on  the  interaction  of  tetraethoxysllane  with  calcium  glycerate,  which 
yielded  a  number  of  compounds  of  the  calcium  hydrosilicate  type. 

The  preparation  of  aluminosilicate  compounds  by  the  analogous  interaction  of  tetraethoxysllane  with 
aluminum  glycerate  is  described  in  the  present  paper. 

Aluminosilicates  have  been  prepared  by  numerous  investigators  by  fusion  of  aluminum  salts  or  oxides  with 
silica  or  silicates  [2-4].  Recently  several  papers  have  appeared  on  the  formation  of  aluminosilicates  at  low 
temperatures  [5-9]. 

The  proposed  method  for  preparation  of  aluminosilicates  is  not  described  in  the  literature. 

EXPERIMENTAL 

A  calculated  quantity  of  "chemically  pure"  aluminum  sulfate  [Al2(S04)3  •  I8H2O]  was  introduced  in  small 
portions  into  "chemically  pure"  glycerol  on  heating.  The  temperature  of  the  glycerol  solution  was  raised  slowly 
during  about  an  hour  to  165-170”.  It  was  assumed  that  all  the  water  present  in  the  salt  and  the  glycerol  was 
removed  in  the  process. 

The  aluminum  glycerate  so  formed  was  in  glycerol  solution,  and  had  pH  w  3-4.  The  subsequent  reaction 
was  carried  out  at  this  pH  value  and  also  at  pH  w  5-6,  which  was  reached  by  addition  of  sodium  ethylate  to  the 
glycerol  solution. 

The  aluminum  glycerate  was  then  transferred  into  a  three-necked  round  bottomed  flask  fitted  with  a  con¬ 
denser,  stirrer,  and  thermometer,  and  the  appropriate  amount  of  "chemically  pure"  tetraethoxysllane  (b.p.  166- 
168”)  was  added.  The  reaction  was  effected  with  continuous  vigorous  stirring  for  6-8  hours,  the  reaction  mixture 
being  kept  at  110-115”. 

The  reaction  product,  which  consisted  of  a  thick  colorless  transparent  mass,  was  treated  with  hot  water. 

A  voluminous  white  gelatinous  precipitate  was  formed,  and  quickly  settled  to  the  bottom  of  the  vessel.  The 
precipitate  was  washed  with  hot  water  by  decantation  to  remove  SO4  ions,  filtered  off,  dried  slowly  in  air,  pow¬ 
dered,  and  analyzed.  The  yield  of  the  final  product  varied  in  the  range  of  50-85<7o  on  the  amount  of  tetraethoxy- 
silane  taken. 

The  products  were  gel- like  substances  corresponding  to  the  formula  x  AI2O3  •  y  Si02  •  z  H2O;  in  composi¬ 
tion;  drying  in  air  converted  them  into  very  hard  small  pieces.  The  density  of  the  jxiwdered  products  dried  at 
105“  was  determined  pycnometrlcally.  It  lay  in  the  range  of  1.82-2.36.  The  water  content  was  determined 
from  the  loss  on  ignition  of  the  powdered  products  dried  at  105”. 

Microscopical  investigation  showed  them  to  be  amorphous  gel-like  masses,  with  a  finely  granular  struc¬ 
ture  in  some  cases.  Their  amorphous  state  was  confirmed  by  x-ray  diffraction  patterns.  However,  in  some 
specimens  a  crystalline  phase  was  present  together  with  the  amorphous  phase  (Fig.  1). 
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Fig.  1.  photograph  of  x-ray  powder  pattern  of  Specimen  No.  11. 

Chemical  analysis  proved  that  the  aluminosilicate  compounds  obtained  at  different  pH  values  (3  or  5)  had 
different  molecular  Al203/Si02  ratios  for  the  same  molecular  Al203/Si02  ratio  of  the  starting  materials.  It 
should  be  noted  that  the  aluminosilicates  formed  at  pH  «  3,  had  lower  contents  of  AI2O3  than  those  formed  at 
pH  pa  5.  In  the  latter  case  the  molecular  Al203/Si02  ratio  remained  almost  the  same  as  in  the  starting  materials 
(Tables  1  and  2). 

The  number  of  moles  of  water  retained  by  the  aluminosilicates  obtained  at  pH  pa  3  was  larger  (5-6  moles 
of  H2O)  than  in  the  compounds  obtained  at  pH  pa  5  (3-4  moles  of  H2O). 

These  results  are  in  full  agreement  with  results  obtained  in  investigations  both  of  natural  and  of  synthetic 
aluminosilicates  [10]. 

The  aluminosilicates  readily  absorbed  vapors  of  water,  alcohol,  and  ammonia.  To  determine  the  degree 
of  absorption  of  these  vapors,  the  powdered  specimens, dried  at  105°,  and  some  specimens  ignited  at  800-900°, 
were  placed  in  desiccators  over  water,  ammonia  solution  (sp.gr.  0.910),  and  alcohol.  It  was  observed  that  the 
ignited  aluminosilicates  absorbed  much  smaller  amounts  of  water,  ammonia,  or  alcohol  (up  to  S^o)  than  the 
specimens  dried  at  105°.  Some  of  the  latter  absorbed  up  to  600%  ammonia.  This  difference  in  absorption  of 
vapors  by  dried  and  ignited  aluminosilicates  may  be  attributed  to  the  structural  changes  which  occur  when 
aluminosilicates  are  ignited  [11-13], 

The  absorbed  vapors  of  water,  ammonia,  and  alcohol  were  retained  relatively  weakly  by  the  specimens. 
Thus,  the  specimens  regained  their  initial  weight  after  standing  in  air  for  about  a  month,  or  after  standing  in 
a  drying  oven  at  105°  for  several  hours. 

The  loss  of  weight  on  heating  was  determined  by  means  of  a  torsion  balance  of  the  V.  T.  type.  The 
weight  loss  curves  (Fig.  2)  show  that  these  compounds  lose  weight  during  the  whole  time  of  heating  up  to  about 
600-700°.  No  great  loss  of  weight  was  observed  above  700°. 


Fig,  2.  Curves  for  weight  loss  on  heating, 

A)  Weight  loss  (in  mg),  B)  temperature  (in  °C). 

Specimen  Nos.:  a)  17,  b)  18,  c)  21. 

Thermographic  analysis  revealed  a  number  of  exo-  and  endothermic  effects  (Fig,  3),  The  low  tempera¬ 
ture  effects  are  probably  associated  with  dehydration  of  aluminosilicates.  The  temperature  effects  in  the  800- 
900°  range  were  probably  accompanied  by  changes  in  the  molecular  structure  of  the  compounds,  as  no  losses  of 
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Composition  and  Properties  of  XAI2O3  •  ySi02  •  ZH2O,  Obtained  at  pH 


gJS 

c;!  «J 


a 
o  o 


(U 

»  ^  S  S 
>>S  & 

Vj  5  T3  T3 


=J 

B 

5  M 

O  ^ 
</> 

I-I  o 

"6 

Its 


I  CTl 
4-*  O 

c  S 

.HPo 


<u 

^  b  a 


(U  <-* 

■B  ^ 

£3 


bO 
o  ^3 
lH  "O 

(U 


'  ^  (U 

TJ  nj 

.;h'o  «  3  ij  'S 

w  £3  ;2  ’S  c  M  ^ 

o  S  I  w  2  3  g 

^  .1.^  G  h*4  ojo  Q-» 


I  I 


is  “ 

^  =3 

3  o 

S 

<-i  ^ 
00^  « 
^03 
3  «  g 

■£  eS 


I  I  "  I  2  I  1  I 


O  00 
O  (M 
to  (M 


o  q 

O  (M* 
CO  CO 


I  I 


q  (M 

§  m  52  I  'i  CO 

2  OT  CO  I  C'l  C]  CO  Tl< 
^  ,—1 


!  I  I  I  I  I  I  I 
I  I  I  I 
I  I  I  I  I  I  IS 


O  o  ’ 

q  «  q  OT  SJ I 

CO  1-H  »—*  CO  »— ( 

OJ  (M  M  (M  rH  CJ  , 


8; 


>  C<i  05 
)  CO  Cv| 

ei  ci  M 


<0 


CD  00 

2  ^ 

CO  00  CO  00  GO  ' 


o 

Cl 

o® 

«  M 

03  • 

<M 

•  9 

«5  o' 


n  m 

00 

(M  Cl 

<< 


o 

'<J> 


o  9i^o  9, 

33  o  ®  9iK  9i®  ^ 

.  aj  CO  ^  SJ1  CO  ju 

»no  ■•••’»« 

O  .  «  Cl  «  <N^’  . 

;r,  ci2oo09  cr 

S  rr\  •—  VX  rn 


ilsspif 

Oevi-tHciNTfO^oj 

W  e>3  C3  C5  C5 

00000000 

Cl  Cl  01  ^1  Cl  QS|  ^  (M 

q  q  <-j  f-j  q  ^ 

oiMr-Joi-^eo-^cfl 


^  ^  ^  fH  fH 


485 


weight  were  observed  at  these  temperatures.  The  formation  of  a  new  structure  at  high  temperatures  was  also 
confirmed  by  the  factss  that,  first,  the  ignited  specimens  were  decomposed  by  concentrated  hydrochloric  acid 
with  much  more  difficulty  or  hardly  at  all,  while  the  specimens  dried  at  105'  and  the  air-dry  specimens  decom¬ 
posed  readily,  and  second,  as  already  stated,  the  absorption  of  water,  ammonia,  and  alcohol  vapors  by  the  ig¬ 
nited  specimens  differed  considerably  from  the  absorption  by  the  specimens  dried  at  105'. 


Fig.  3.  Thermograms  for  Specimen  Nos:  4  (a),  17  (b),  18  (c),  and  21  (d). 

Together  with  the  experiments  described  above,  experiments  were  carried  out  on  saponification  of  a  mix¬ 
ture  of  aluminum  glycerate  with  tetraethoxysilane  without  preliminary  heating  to  110-115',  Aluminum  glycerate 
dissolved  in  glycerol  and  the  corresponding  amount  of  tetraethoxysilane  were  thoroughly  mixed  together  by  agita¬ 
tion  in  a  flask  at  about  30-40',  and  then  treated  with  hot  water  as  in  the  previous  experiments.  The  white  turbid¬ 
ity  initially  formed  very  slowly  turned  into  a  gelatinous  precipitate.  The  yield  of  the  final  product  reached  only 
17'yo  on  the  tetraethoxysilane  taken  for  the  reaction.  Microscopical  and  x-ray  investigations  showed  these  products 
to  be  heterogeneous  in  structure.  Chemical  analysis  showed  that  they,  like  the  other  products,  corresponded  to 
the  formula  x  AI2O3  •  y  Si02  •  z  H2O.  It  should  be  noted,  however,  that  in  contrast  to  die  aluminosilicates 
obtained  on  heating,  these  products  contained  a  higher  molar  proportion  of  AI2O3  than  the  starting  materials 
(AI2O3/  Si02  taken  =1:4,  obtained  1 :  1). 

In  this  case  treatment  of  a  mixture  of  aluminum  glycerate  and  tetraethoxysilane  with  hot  water  resulted 
in  separate  saponification  of  each  of  the  components  of  the  mixture,  and  diis  apparently  yielded  a  mixture  of 
the  oxides  AI2O3  and  Si02.  Since  tetraethoxysilane  is  saponified  slowly  in  an  weakly  acid  medium  [14,  15,  16], 
the  Si02  content  of  the  saponification  products  was  low. 

Different  results  were  also  obtained  for  the  absorption  of  vapors  of  water,  ammonia,  and  alcohol  by  these 
specimens.  The  specimens  ignited  at  800-900',  like  the  ignited  oxides  of  aluminum  and  silicon,  absorbed  con¬ 
siderably  more  (up  to  30°Jn)  of  water,  alcohol,  and  ammonia  vapors  than  did  the  ignited  aluminosilicates  described 
earlier. 

SUMMARY 

1.  It  is  shown  that  the  method  described  previously  for  preparation  of  calcium  hydrosilicates  can  also  be 
applied  to  the  preparation  of  aluminosilicate  compounds. 

2.  A  series  of  aluminosilicates  of  the  type  x  AI2O3  •  y  Si02  •  z  H2O  has  been  obtained  by  saponificailon  of 
the  product  obtained  by  the  reaction  of  tetraethoxysilane  with  aluminum  glycerate  on  heating  in  glycerol  solu¬ 
tion. 

3.  Hydrolysis  of  tetraethoxysilane  mixed  with  aluminum  glycerate  in  the  cold  yields  products  differing  in 
properties  from  those  described  atove. 
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CATALYSIS  AND  DECOMPOSITION  OF  ISOPROPYL  AND  n-BUTYL  ALCOHOLS 
OVER  NICHROME  ACCORDING  TO  GAS  ANALYSIS  DATA 


N.  Z.  Kotelkov 

Chair  of  Analytical,  physical,  and  Colloid  Chemistry, Saratov  Agtlcultutal  Institute 


Heteregeneous  catalysis  sometimes  proceeds  in  a  single  direction,  without  side  reactions,  as  in  dehydra-i 
tion  of  ethyl,  isopropyl,  n-butyl,  and  isobutyl  alcohols  over  certain  clays  and  opokas  [1,  2],  and  in  dehydrogen¬ 
ation  and  dehydration  of  isopropyl  and  n-butyl  alcohols  over  certain  active  carbons,  "carbonized"  Nichrome, 
and  platinized  Nichrome  [3,  4],  Sometimes,  however,  especially  at  higher  temperatures  (above  350°)  the  re¬ 
actions  proceed  in  the  direction  of  formation  of  various  products,  both  gaseous  and  liquid  [5-7]. 

The  purpose  of  the  present  investigation  was  to  study  the  direction  of  the  catalytic  reactions  of  isopropyl 
and  n-butyl  alcohols  over  a  Nichrome  spiral  in  relation  to  the  experimental  conditions,  on  the  basis  of  gas 
analysis  data. 

EXPERIMENTAL 

The  experiments  were  carried  out  over  Nichrome  in  the  form  of  a  complex  spiral  [8],  before  and  after 
"carbonization".  The  carbonization  was  effected  by  coating  the  spiral  with  a  definite  amount  of  carbon  den¬ 
drites  at  appropriate  temperatures  [9,  10].  The  complex  spiral  was  made  from  a  wire  560  cm  long,  0.6  mm  in 
diameter,  105.5  cm^  surface  area,  1.582  cc  in  volume,  and  13.16  g  in  weight.  The  length  of  the  simple  spiral 
was  38  cm,  external  diameter  4  mm.  The  length  of  the  complex  spiral  was  12  cm,  and  It  had  an  internal 
opening  4  mm  in  diameter;  a  quartz  container  with  a  Nichrome/ Constantan  thermocouple  was  inserted  in  one 
end  of  this,  and  a  quartz  plug  in  the  other. 

The  starting  substances  were:  a)  isopropyl  alcohol  (b.p.  79.8-80.3*  at  742  mm,  6^  0.7904,  n^  1,3799); 
b)  n-butyl  alcohol  (b.p.  116,7“  at  745.6  mm,  dl”  0.8104,  n^  1,4018).  The  experiments  were  performed  by  the 
flow  method  at  an  alcohol  feed  rate  of  0.05  ml/ minute.  To  evaporate  the  alcohol,  15  cm  of  the  catalytic 
tube  before  the  catalyst  was  heated  to  85-120“  by  means  of  an  electric  current  passed  through  an  external  wire 
coil.  Before  each  experiment  electrolytic  hydrogen  was  passed  over  the  catalyst  for  1.5-2  hours  at  1.2  liters/ 
/hour  at  the  temperature  of  the  experiment.  To  determine  the  effect  of  carbon  dioxide  on  the  catalysis,  ex¬ 
periments  were  also  carried  out  in  a  stream  of  CO2  added  in  a  3  : 8  molar  ratio  to  the  alcohol.  The  carbon 
dioxide  was  washed  with  water  and  solutions  of  CUSO4,  AgN03,  and  KMn04,  and  dried  with  concentrated  sulfuric 
acid.  In  the  intervals  between  experiments  the  catalyst  was  kept  in  a  hydrogen  atmosphere.  The  gaseous  re¬ 
action  products  were  studied  by  means  of  the  improved  gas  analysis  apparatus  of  the  All-Union  Heat  Engineering 
Institute  [11],  and  the  condensate  was  investigated  by  fractional  distillation  and  refractometrically  [12].  The 
results  of  the  experiments  are  given  in  Table  1. 

Methane,  ethane,  and  propane  were  determined  separately  by  comparison  of  the  volumes  found  after 
absorption  of  CO2  and  H2O  after  combustion  of  the  saturated  hydrocarbons.  If  these  hydrocarbons  are  not  con¬ 
tained  in  a  mixture,  then  it  is  possible  to  determine  which  of  the  gases  is  present  from  the  reactions  which 
occur  during  combustion; 

202  =  00.2  [-  2II2O, 

.^02Hg  7O2  =  4OO2  -f-  ()H20, 

O3HH-  5O2  =.3002  +  41120. 
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Normal  conditions  refer  to  experiments  without  dilution  of  the  alcohol. 


Therefore,  for  methane  the  ratio  of  the  volume  of  CO2  to  the  volume  calculated  for  HjO  Is  1:2;  for 
ethane  it  is  4;  5,  as  of  the  9  original  volumes  4  volumes  of  COg  remain  after  combustion  and  absorption  of  H2O. 
For  propane  this  ratio  is  1:1. 

When  the  gases  were,  as  was  the  case  in  a  number  of  our  experiments,  binary  mixtures  of  methane  and 
ethane,  the  reasoning  used  in  solutions  of  problems  involving  binary  mixtures  was  applied  to  quantitative  deter¬ 
minations  of  methane  and  ethane  separately  in  their  joint  presence.  This  type  of  calculation  is  illustrated  by 
Experiments  Nos.  3  and  12  (Tables  2  and  3). 

It  is  shown  in  discussion  of  Experiment  3  (Table  2)  why  some  reactions  for  isopropyl  alcohol  are  assumed 
to  be  quite  admissible,  while  others  are  rejected  as  unlikely  and  unconfirmed  by  gas  analysis  data  and  by  the 
total  amounts  of  all  the  substances  obtained  during  the  catalytic  process. 

Of  the  experiments  with  n-butyl  alcohol,  we  discuss  one  of  the  most  characteristic  (Experiment  No.  12), 
in  which  both  conversion  and  carbon  deposition  took  place  (Table  3). 


TABLE  2  TABLE  3 

Results  of  Experiment  No.  3  Results  of  Experiment  No.  12 


Amount  of  gas  evolved 

Amount  of  gas 

1  evolved 

Gas 

per  1  ml  alcohol 

Gas 

per  1  ml  alcohol 

in  % 

in  ml 

in  g 

in  % 

in  ml  1 

ing 

Unsaturated 

4.1:5 

6.45 

0.01 2 1 

Unsaturated 

18.21 

61.30 

0.1283 

CO 

11.26 

16.41 

0.0205 

CO 

24.32 

68.51 

0.0866 

H2 

68.0!) 

09.21 

0.0089 

cl. 
r  1) 

CzHg 

46.71 

131.60 

0.0118 

CzHe 

CH4 

6.22 

9.06 

0.0121 

5.42 

15.27 

0.0109 

10.00 

14.58 

0.0104 

6.34 

15.04 

0.0202 

Total  .  .  .  100.00  11.1.71  O.OIMO  .Total  100.00  281.72  0.  668 


Discussion  of  Experiment  No.3  with  isopropyl  alcohol.  Experimental  temperature  450*.  Experimental 
data:  145.71  ml  of  gas,  reduced  to  standard  conditions  (0.0640  g),  0.0179  g  of  carbon,  and  0.7082  g  of  con¬ 
densate  were  obtained  per  1  ml  (0.7904  g)  of  alcohol.  Theoretically  calculated  amount  0.7904.  Discrepancy 
0.0003  =  0.038<7o.  It  is  seen  that  the  discrepancy  between  the  experimental  and  theoretical  values  is  small,  only 
0.038<yo. 

The  amounts  of  methane  and  ethane  when  present  together  were  calculated  as  follows.  It  was  found  ex¬ 
perimentally  that  after  combustion  and  absorption  of  H2O  the  volume  of  the  gas  decreased  by  1.8  ml,  and  after 
absorption  of  CO2  by  1.33  ml,  and  hence  the  ratio  of  the  volumes  of  CO2  to  H2O  =  1.33 : 1.80  or  4 : 5.54.  For 
methane  alone  this  ratio  would  be  4:8,  and  for  ethane  alone,  4 ;  5.  Division  of  the  sum  (1.33  +  1.80)  in  the 
ratio  of  2.46  to  0.54  gave  the  numbers  of  ml  corresponding  to  ethane  and  methane  respectively.  This  was  the 
calculation  method  used  when  the  ratio  of  the  volumes  of  H2O  to  CO2  did  not  correspond  to  methane  or  ethane 
only.  It  should  be  noted  that  ethane  burns  rather  less  easily  than  methane,  and  therefore  after  some  practice  it 
is  possible  to  carry  out  selective  combustion  of  such  mixtures. 

On  the  basis  of  the  analytical  data  the  following  reactions,  expressed  quantitatively  in  percentages,  were 
assumed  to  take  place  in  the  catalytic  decomposition  of  isopropyl  alcohol: 


CH;,Gn0HGH3->CH3-CH=CH2  4-H20  (2.19%),  (1) 

GH3GnOHGH3->GH3-GO-GH3  +  H2  (19.220/o),  (2) 

GH3GnOHGH3  ->  GzHe  +  GO  +  Hg  (  3.07%),  (3) 

GH3GH0HGH3-»-2GH4  4-G0  (  2.47%),  (4) 

GH3GHOHGH3->3G-f  3H2+ H2O  (  3.78%),  (5) 


(30.730/0) 
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This  is  confirmed  by  the  following:  decomposition  of  1  ml  of  the  alcohol  gave  a  total  of  145.71  ml  of 
gases,  of  which  unsaturates  comprised  6.45  ml  or  4.43‘yo,  and  hence  the  dehydration  comprised  2.19%  calculated 
on  295  ml,  taken  by  Equation  (1)  as  100%. 

According  to  Equation  (3),  calculated  for  ethane,  3.07%  reacted,  and  by  Equation  (4),  calculated  for 
methane,  2.47%  reacted,  and  hence  by  these  two  equations  5.54%  reacted.  If  the  calculation  is  made  for  CO 
(16.41  ml),  6.56%  decomposed.  It  is  seen  that  the  discrepancy  is  small,  within  permissible  error  limits. 

According  to  Equation  (5),  calculated  for  die  carbon  deposited,  0.0063  g  per  1  ml  of  alcohol,  3.78% 
decomposed. 

According  to  Equation  (2),  calculated  for  the  hydrogen  liberated  after  deduction  of  excess  hydrogen  libera¬ 
ted  by  Equations  (3)  and  (5),  19.22%  reacted.*  The  calculations  in  the  other  experiments  were  carried  out 
analogously. 

Discussion  of  Experiment  No.  12  with  n-butyl  alcohol.  The  alcohol  was  diluted  with  carbon  dioxide. 
Experimental  temperature  450*.  Experimental  data:  281.72  ml  of  gas,  reduced  to  standard  conditions,  0.0063  g 
of  carbon,  and  0.5879  g  of  condensate  were  obtained  per  1  ml  (0.8104  g)  of  alcohol.  Theoretically  calculated, 
with  the  21.13  ml  (0.0415  g)  of  CO2  reacted  by  Equation  (11)  taken  into  account,  0.8519  g.  The  discrepancy 
of  0.0009  =  0.106%  is  relatively  small,  which  gives  reason  to  regard  the  tabulated  data  as  reliable. 

On  the  basis  of  the  analytical  data  the  following  reactions,  expressed  quantitatively  in  percentages,  were 
assumed  to  take  place  in  the  decomposition  of  n-butyl  alcohol; 

CH3CH2CH.2CH2OH  CH.^CH2  —  CH  =  CH2  +  H2O 

CH3CH^CH2CH20H  — >  CH3-CH2  —  CH3  +  CO  4-  H2 
CH3CH2CH2CH2OH  — >  CH3  —  CHg  +  CH4  +  CO 
CH3CH2CH2CH2OH  3C  +  CO  4  5H2 
CH3CH2GH2CH2OH  CH3  —  CHs  —  CH2  —  CHO  4  H2 
CH3CH2CH2CH2OH  — 3CO2  -  7cb  4  5H2  (conversion) 

(62.870/o) 


(20.920/0), 

(6) 

(tiil), 

(7**) 

( 6.180/0), 

(8) 

(  1.60%), 

(9) 

(31.290/0), 

(10) 

(  2.88O/0), 

(11) 

This  is  confirmed  by  the  following.  Decomposition  of  Imlofthe  alcohol  gave  a  total  of  281.72  ml  of 
gases,  of  which  olefins  comprised  51.30  ml  (18.21%),  and  hence  the  dehydration  comprised  20.92%  calculated 
on  245.18  ml,  taken  by  Equation  (6)  as  100%. 

According  to  Equation  (8),  calculated  for  the  average  percentage  contents  of  methane  (5.42%)  and  ethane 
(5.34%)  in  the  gas,  6.18%  reacted. 

According  to  Equation  (9),  calculated  for  the  carbon  deposited  (0.9963  g)  1.60%  reacted. 

According  to  Equation  (10)  calculated  for  hydrogen,  after  deduction  of  hydrogen  liberated  by  Equations  (9) 
and  (11),  31.29%  reacted. 


•  If  all  the  hydrogen  had  been  liberated  according  to  Equation  (2),  the  hydrogenation  would  comprise  33.63% 
(99.21  ml  out  of  295),  but  after  subtraction  of  three  times  the  amount  of  the  decomposed  alcohol,  by  Equation 
(5)  (11.34%)  and  the  amount  of  reacted  alcohol  by  Equation  (3)  (3.07%),  we  have  the  amount  of  alcohol  decom¬ 
posed  according  to  Equation  (2),  (33.63  -3.07  -11.34  =  19.22). 

*  •  This  reaction  did  not  occur  in  the  experiment  in  question,  or  in  Experiments  Nos.  10  and  13. 
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According  to  Equation  (11)  (conversion)  calculated  for  the  total  CO  (24.32 «7o)  less  the  CO  liberated  by 
Equations  (8)  and  (9),  2.88%  reacted. 

Investigation  of  the  condensates  by  fractional  distillation,  which  revealed  definite  proportions  of  water, 
acetone,  and  alcohol  in  the  experiments  with  isopropyl  alcohol,  and  of  water,  butyraldehyde,  and  alcohol  in 
the  experiments  with  n-butyl  alcohol,  and  also  refractive  index  determinations  on  alcohol-water  mixtures  [12] 
showed  that  the  reactions  described  did  in  fact  occur,  and  the  degrees  of  dehydration  and  dehydrogenation 
corresponded  to  the  amounts  calculated  from  gas  analysis  data. 

SUMMARY 

1.  It  is  shown  that  the  direction  of  the  catalytic  reactions  of  Isopropyl  and  n-butyl  alcohols  over  Nlchrome 
can  be  determined  from  gas  analysis  data. 

2.  In  quantitative  determinations.of  saturated  hydrocarbons  in  binary  mixtures  a  calculation  method  has 
been  used  whereby  the  components  of  the  mixtures  can  be  determined  quantitatively. 

3.  It  is  shown  that  at  250-300“  over  "carbonized"  Nichrome  (0.1488-0.1533  g  of  carbon),  with  the  alcohol 
diluted  with  CO2,  mainly  dehydration  takes  place,  to  the  extent  of  68.44%  for  n-butyl  and  81.90%  for  isopropyl 
•alcohols. 

4.  "Carbonization"  of  Nlchrome  occurs  more  easily  under  normal  conditions  than  upon  dilution  of  the 
alcohol  with  COj,  and  commences  at  350-375“,  while  at  450“  decomposition  with  carbon  deposition  reaches 
3.78%  for  Isopropyl  and  7.04%  for  n-butyl  alcohols. 

5.  In  experiments  with  dilution  of  the  alcohol  by  COj,  conversion  occurs  at  400";  this  reaches  2.88%  at 
450“  for  n-butyl  alcohol. 
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BRIEF  COMMUNICATIONS 

EQUILIBRIUM  BETWEEN  SULFUR  DIOXIDE  AND  MAGNESIUM 
BISULFITE  SOLUTIONS 

I.  N.  Kuzminykh  and  M.  D.  Babushkina 
The  D.  I.  Mendeleev  Institute  of  Chemical  Technology,  Moscow 

Our  previous  communication  [1]  gave  new  experimental  data  on  the  pressure  of  SO2  over  aqueous  solu¬ 
tions  of  calcium  bisulfite,  saturated  with  respect  to  sulfite;  it  was  found  that  Conrad  and  Beuschlein’s  data  [2] 
on  this  subject  actually  refer  to  calcium  bisulfite  solutions  not  saturated  with  respect  to  sulfite. 

We  give  below  the  results  of  our  determinations  of  the  equilibrium  SO2  pressure  over  magnesium  bisulfite 
solutions  saturated  with  respect  to  sulfite.  These  solutions,  as  is  known,  do  not  contain  excess  SO2;  in  addition 
to  Mg(HS03)2  they  contain  small  amounts  of  MgS03. 

The  literature  contains  the  data  of  Hagisawa  [3]  (1934),  for  26°,  and  of  Conrad  and  Brise  [4]  (1949),  for 
15*and  25°,  on  the  pressure  of  SO2  over  magnesium  bisulfite  solutions  saturated  with  respect  to  sulfite.  The 
results  of  these  two  investigations  did  not  agree,  but  in  their  paper  Conrad  and  Brise  did  not  refer  to  this  dis¬ 
crepancy  and  did  not  even  mention  Hagisawa’s  data.  Using  the  Duhring-Harris  method  of  graphical  construc¬ 
tion,  Conrad  and  Brise  extrapolated  by  calculation  their  experimental  data  for  l5°and  25°  into  the  5-60°  tem¬ 
perature  region.  They  ignored  the  fact  that  in  this  temperature  range  the  equilibrium  solid  phase  changes  its 
composition  —  at  42°  the  MgSOs  •  6H2O  '^=5;  MgSOs  •  3H2O  transition  occurs.  Moreover,  since  the  solutions  in 
question  contain  two  dissolved  substances  simultaneously  — Mg(HS03)2  and  MgS03  —  two  Duhring  diagrams  should 
have  been  plotted,  but  they  only  plotted  the  diagram  for  magnesium  bisulfite  (evidently  owing  to  the  lack  of 
reliable  data  on  the  solubility  of  MgS03).  Therefore  the  results  of  such  extrapolation  cannot  be  regarded  as 
reliable. 

All  this  induced  us  to  obtain,  by  a  direct  experimental  method,  data  on  SO2  pressure  over  magnesium 
sulfite-bisulfite  solutions  over  a  wide  temperature  range  (10-70°).  The  method  of  determination  was  described 
earlier  [5]. 

The  results  of  our  experiments  are  given  in  Table  1,  the  solution  composition  and  the  equilibrium  SO2 
pressure  (in  mm  Hg)  at  the  temperature  of  the  experiment  being  given.  The  total  SO2  contents  in  the  solutions 
ranged  from  4  to  34  g  per  100  g  of  water.  The  numerical  data  given  in  each  line  of  the  table  represent  the 
results  of  several  parallel  experiments,  which  were  generally  in  satisfactory  agreement.  Special  care  was  taken 
that  the  bisulfite  solutions  should  be  really  saturated  with  respect  to  sulfite.  Measures  were  taken  to  prevent 
oxidation  of  the  solutions,  but  they  nevertheless  contained  certain  amounts  of  MgS04,  given  in  the  table.  In 
addition,  the  table  also  gives  our  data  on  pH  and  density  d  of  the  solutions  at  20°. 

The  same  data  are  represented  graphically  in  Fig.  1  by  four  curves,  each  for  a  definite  temperature.  A 
comparison  of  these  data  with  previously  published  data  for  calcium  bisulfite  solutions  [1]  shows  that  the  mag¬ 
nesium  solutions  have  considerably  higher  concentrations  for  a  given  equilibrium  SO2  pressure.  For  example, 
at  25’  and  Pgg  =  25  mm  Hg  an  equilibrium  calcium  bisulfite  solution  contains  3  g  of  SO2  per  100  g  of  water, 
while  a  magnesium  solution  under  the  same  conditions  contains  24  g  of  803  per  100  g  of  water,  or  8  times  as 
much. 

Figure  2  shows  a  graphical  comparison  of  all  the  available  experimental  data  for  the  pressure  of  SO2  at 
25*  over  magnesium  solutions  saturated  with  sulfite.  In  addition  to  the  data  of  Hagisawa,  Conrad  and  Brise,  and 


our  own,  the  diagram  also  shows  the  data  obtained  by  Yakimets  and  Arkhipova,  published  [6]  after  our  experi¬ 
ments  had  been  completed.  It  follows  from  Fig.  2  that  the  results  of  three  investigations  carried  out  at  different 
times,  by  different  workers,  and  by  different  methods,  are  in  good  agreement  and  confirm  each  other.  The  data 
of  Conrad  and  Brise  differ  considerably  from  all  the  others.  Therefore  they  must  be  regarded  as  Inaccurate.  The 
values  of  Conrad  and  Brise  for  other  temperatures  must  also  be  considered  erroneous,  as  they  were  obtained  from 
inaccurate  data  for  15*and  25",  and  moreover  without  regard  to  the  extrapolation  rules  by  the  DOhring  and  Harris 
method. 


Fig.  1.  Equilibrium  pressure  of  SO2  over  Fig.  2.  Comparison  of  data  for  SO2  pres- 

magneslum  sulfite-bisulfite  solutions.  sure  over  magnesium  sulfite-bisulfite  so- 

A)  Equilibrium  pressure  of  SO2  (in  mm  Hg),  lutions. 

B)  total  SO2  (in  g/ 100  g  H2O).  A)  Equilibrium  pressure  of  SO2  (in  mm 

Temperatures  (in  "C):  1)  10,  2)  23.8,  3)  Hg),  B)  total  SO2  (in  g/ 100  g  HjO). 

48.3,  4)  70.6.  Data  of:  1)  Conrad  and  Brise  [4],  2) 

Hagisawa  [3],  3)Kuzminykh  and  Babush¬ 
kina  [1],  4)  Yakimets  and  Arkhipova  [6]. 

It  must  be  pointed  out  that  the  literature  contains  no  reliable  data  on  the  solubility  of  MgSOs  in  magnesium 
bisulfite  solutions.  According  to  some  data  [3],  the  MgS03  content  does  not  depend  on  the  Mg(HS03)2  content  in 
the  solution,  and  according  to  others  [4],  the  solubility  of  MgS03  increases  with  increasing  bisulfite  concentration. 
No  data  are  available  on  the  effect  of  temperature  on  the  solubility.  It  is  therefore  not  possible  to  plot  a  DChring 
diagram  for  magnesium  bisulfite  solutions  saturated  with  sulfite.  In  this  instance  Kireev’s  rule  [7]  was  found  to 
be  applicable;  by  this  rule 

log  P\z  ^"a 

'"8  '’a  “  SgP'B-logV-,  '"b’  *  '"A' 

where  Pa  is  the  required  vapor  pressure,  and  PJ^  are  the  vapor  pressures  over  the  solution  corresponding  to 
temperatures  at  which  the  vapor  pressures  for  a  standard  solution  are  P|  and  P^’;  Pg  is  the  pressure  of  the  standard 
substance  at  the  temperature  at  which  the  pressure  over  the  solution  studied  is  determined. 

The  standard  substances  used  were  aqueous  SO2  solutions  (with  PgQ  multiplied  by  20),  For  Kireev’s 
graphical  construction,  values  of  log  P^  are  plotted  against  log  Pg.  This  gives  a  straight  line  for  any  given  mag¬ 
nesium  sulfite- bisulfite  solution,  so  that  from  two  known  values  of  P^  for  any  two  temperatures  it  is  possible  to 
determine  the  SO2  pressure  over  the  same  solution  at  any  other  temperature.  It  was  found  that  this  construction 
gives  good  agreement  between  the  experimental  and  calculated  data. 


TABLE  1 


Results  of  Determinations  of  SO2  Pressure  Over  Solutions  of  Magnesium  Bisulfite  Saturated 
with  Sulfite 


Temper 
ature 
(in  “O 

Amount  of  SO2 
(in  g/lOOg  H2O) 

Solution  composition  (%) 

^SO, 

[mm 

Hg) 

pH  at  20* 

‘*20° 

total  j 

free 

total  SOj 

free  SO2 

MgSOa 

MgS04 

11.39 

5.31 

9.62 

4.48 

8.37 

1.386 

2.05 

3.8 

1.115 

16.19 

7.76 

13.035 

6.235 

11.08 

0.486 

4.95 

3.5 

1  137 

19.31 

8.84 

14.94 

6.84 

13.2 

0.673 

7.61 

3.3 

1.183 

10 

25.18 

12.53 

18.35 

9.13 

15.0 

0.396 

17.51 

3.25 

1.227 

28.21 

14.37 

19.89 

10.13 

15.9 

1.25 

25.53 

3.0 

38.03 

19.17 

24.56 

12.36 

19.89 

0.168 

90.0 

— 

1.331 

7.88 

3.066 

7.05 

2.74 

6.97 

0.099 

1.29 

4.1 

9.76 

4.55 

8.48 

3.96 

7.29 

0.709 

1.57 

4.1 

1.10 

10.77 

5.149 

9.22 

4.41 

7.89 

1.014 

3.11 

3.88 

1.115 

15.44 

7.118 

12.46 

5.75 

11.24 

0.598 

7.29 

3.5 

1.148 

17.92 

8.87 

14.11 

6.99 

11.63 

0.653 

13.56 

3.45 

1.172 

23.3 

23.15 

10.71 

17.2 

7.94 

15.09 

0.445 

22.35 

3.26 

1.208 

26.56 

12.93 

19.1 

9.3 

15.97 

0.414 

38.14 

3.0 

26.75 

13.07 

19.1 

9.34 

15.57 

0.881  * 

37.14 

— 

1.235 

29.07 

14.26 

20.2 

9.92 

16.75 

1.028 

47.5' 

— 

1.256 

32.35 

15.39 

21.86 

10.4 

18.53 

0.619 

72.18 

2.55 

1.279 

34.08 

16.41 

22.66 

10.92 

19.18 

0.297 

81.16 

2.71 

1.290 

4.71 

2.23 

4.36 

2.06 

3.75 

1.18 

1.33 

4.25 

1.06 

7.08 

2.96 

6.37 

2.66 

6.06 

0.545 

2.88 

4.1  , 

1.09 

12.71 

5.79 

10.2 

4.64 

9.10 

0.283 

9.5 

3.8 

1.126 

14.31 

6.9 

11.78 

5.67 

9.99 

0.566 

13.2 

3.(f 

1.14 

48.3 

16..55 

8.02 

13.04 

6.33 

10.95 

0.452 

16.36 

3.5 

1.155 

19.00 

9.69 

15.0 

7.64 

12.03 

0.282 

28.7 

3.3 

1.18 

19.45 

9.55 

15.15 

1 .45 

12.55 

0.188 

26.07 

— 

22.4 

11.03 

16.65 

8.2 

13.8 

1.61 

36.2 

3.1 

1.2 

28.0 

13.7 

19.8 

9.7 

16.38 

0.282 

93.1 

3 

1.25 

7.08 

4.27 

6.37 

3.82 

5.76 

0.545 

4.12 

4.25 

1.08 

12.08 

6.82 

10.19 

4.91 

8.61 

0.357 

19.86 

3.85 

1.12 

70.6 

14.3 

6.92 

11.77 

5.68 

9.95 

0.63 

27.4 

3.6 

1.14 

16.2 

7.9 

13.1 

6.38 

10.98 

0.047 

42.8 

3.5 

1.158 

22.2 

10.86 

16.44 

8.06 

13.7 

1.81 

92 

3.2 

1.2 

TABLE  2 

Effect  of  Magnesium  Sulfite  Concentration  on  SO2  Pressure  over  Magnesium  Sulfite-Bisul 
fite  Solutions 


Total  SO2 
(in  g/100  g 
water) 

SO4  content 
(in  g/liter) 

SO2  pres¬ 
sure  (in 
mm  Hg) 

Total  SO2 
(in  g^lOO  g 
water) 

SO4  conten 
(in  g/liter) 

SO2  pres¬ 
sure  (in 
mm  Hg) 

7.88 

1.078 

1.29 

19.23 

32.8 

19.36 

9.76 

7.82 

1.57 

24.09 

34.55 

43.02 

10.77 

11.5 

3.11 

25.87 

47.2 

60.02 

16.44 

6.42 

7.29 

8.22 

85 

5.56 

17.92 

7.63 

13.56 

11.22 

86.6 

7.6 

23.16 

5.32 

22.35 

13.55 

96.1 

12.67 

26.56 

6.42 

38.4 

14.82 

109.6 

10.8 

26.75 

10.8 

37.14 

19.13 

75.86 

26.79 

29.07 

12.8 

47.5 

20.55 

78.1 

33.17 

32.35  1 

7.85 

72.18 

21.5 

80.9 

37.43 

34.08 

3.83 

81.16 

22.76 

77.5 

43.57 

11.74 

36.5 

6.97 

23.93 

82.5 

51.73 

12.55 

43.9 

7.19 

23.8 

97.1 

62.2 

15.69 

40.9 

9.95 

28.6 

83.5 

91.4 
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Analysli  of  the  experimental  data  showed  that  for  each  magnesium  sulfite-bisulfite  solution  the  relation¬ 
ship  between  SOj  pressure  and  temperature,  in  log  PgQ^  -  •-  coordinates,  is  represented  by  a  straight  line.  This 

allows  of  the  simplest  inter-  and  extrapolation  of  experimental  data  obtained  at  any  two  temperatures,  for  other 
temperatures. 

Since  magnesium  sulfite-bisulfite  solutions  may 
in  practice  contain  considerable  amouhts  of  magnesium 
sulfate,  we  considered  it  necessary  to  carry  out  experi¬ 
ments  to  determine  the  Influence  of  sulfate  doncentradoil 
on  the  equilibrium  pressure  of  SO2,  To  the  Mg(HS03)2- 
-  MgS03  solutions  under  investigation,  MgS04  was  addpd. 
The  results  of  these  experiments,  carried  out  at  20“,  are 
given  in  Table  2.  The  same  data  are  represented  in 
Fig.  3  by  three  curves  for  different  contents  of  SO4:  8,38, 
and  85  g/ liter.  It  follows  from  these  data  tliat  increase 
of  sulfate  concentration  leads  to  a  considerable  increase 
of  the  equilibrium  pressure  of  SO2  over  magnesium  sul¬ 
fite-bisulfite  solutions. 

SUMMARY 

1.  The  available  literature  data  on  the  equilibrium 
pressure  of  SO2  over  sulfite-blsulfite  solutions  are  incom¬ 
plete  and  contradictory. 

2.  SO2  pressures  over  magnesium  bisulfite  solutions 
saturated  with  sulfite  were  measured  by  a  dynamic  method 
at  10-70".  It  is  shown  that  the  data  of  Conrad  and  Brlse 
are  erroneous. 

3.  Increase  of  sulfate  concentration  in  magnesium 
sulfite-blsulfite  solutions  results  in  an  increase  of  the 
equilibrium  pressure  of  SO2. 
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Fig.  3.  Equilibrium  pressure  of  SO2  over 
magnesium  sulfite-bisulfite  solutions 
containing  various  amounts  of  sulfate. 

A)  Equilibrium  pressure  of  SO2  (in  mm 
Hg),  B)  total  SO2  (in  g/  100  g  H2O). 
Sulfate  contents  (in  g/ liter):  1)  6-10, 

2)  32-45,  3)  75-95. 
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CONTACT  OXIDATION  OF  SULFUR  DIOXIDE  AND  HYDROGEN  SULFIDE  OVER 
PLATINIZED  NICHROME  IN  THE  FORM  OF  A  COMPLEX  SPIRAL 

N.  Z.  Kotelko  V 

Chair  of  Analytical,  Physical,  and  Colloid  Chemistry  Saratov  Agricultural  Institute 


As  already  reported  [1-4],  platinized  Nlchrome  In  the  form  of  a  simple  or  complex  spiral  has  been  suc¬ 
cessfully  used  by  us  In  a  number  of  cases  as  catalyst  In  the  oxidation  of  organic  gases  and  vapors.  This  catalyst 
proved  active  and  stable  to  the  action  of  certain  poisons  [5]  and  under  practical  conditions  Its  life  was  several 
thousand  hours. 

In  tlie  present  investigation  platinized  Nlchrome  was  tested  as  a  catalyst  in  the  oxidation  of  sulfur  dioxide 
and  hydrogen  sulfide. 


EXPERIMEN  TAL 

Nlchrome,  platinized  Nlchrome  and,  for  comparison,  platinized  platinum  were  used  in  the  form  of  com 
plex  spirals  [3].  The  chemical  composition  of  the  Nlchrome,  the  dimensions  of  the  wires  and  spirals,  the 


TABLE  1 

Effects  of  Heat  Treatment  and  Space  Velocity  on  the  Oxidation  of  Sulfur 
Dioxide  over  Nlchrome 

(Flow  rates  of  7%  gas-air  mixture,  1,  2,  and  3  liters/ hour) 


Experimental  temperature  1,  and  degree  of  oxidation  (in  «7c)  2,  for 
heat  treatment  temperatures  (in  °C); _ _ 


500  1 

550  1 

600 

/ 

i' 

1 

.  ! 

i 

1 

Space  velocity 

68 

430 

66.9 

440  1 

70.1  1 

440  ! 

69.6 

436 

70.4 

450 

73.8  1 

450  j 

73.2 

440 

72.3 

462  1 

76.2  1 

465  ! 

74.9 

450 

76.7 

470 

76.5  1 

480  1 

76.1 

457 

1  76.2 

475 

7^8 

485 

75.5 

Space  velocity 

136 

430 

65.3  1 

440 

68.4  1 

440 

I  67.9 

435 

68.2 

450 

71.2 

450 

71.0 

440 

70.8 

460 

73.7 

465 

73.3 

450 

75.2 

470 

75.1 

480 

74.7 

45K 

74.6 

475 

74.3 

486 

73.8 

Space  velocity 

234 

430 

57.5 

440 

61.4 

;  440 

59.7 

436 

61.7 

450 

64.6 

450 

62.6 

442 

65.5 

460 

67.2 

466 

65.9 

450 

69.4 

470 

69.2 

i§P 

j  68.4 

456 

68.8 

I  475 

68.5 

485 

67.6 

I 
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method  of  platitilzlng,  and  certain  other  data  on  the  method  are  given  in  an  earlier  paper  [5],  To  determine  the 
effect  of  heat  treatment  on  catalyst  activity,  the  Nichrome  spirals  were  heated  for  5  hours  at,  600,  650,  and  600“ 
before  the  experiments.  The  Nlcrome  and  platinum  spirals  Intended  for  platinizing  were  previously  subjected  to 
heat  treatment  for  6  hours  at  500*.  Moreover,  in  all  cases  1.5  liters  of  dry  air  was  passed  through  the  reaction 
vessel  with  the  catalyst  before  each  experiment. 

TABLE  2 

Effects  of  Space  and  Surface  Velocities  on  Oxidation  of  Sulfur  Dioxide  over  Different 

Catalysts 


a)  Oxidation  over  platinized  Nichrome 

Flow  rates  of  gas-air  mixture  2,3,  and  4  liters/ hour  for  SO2  =  1%, 
and  2.5-3. 5  liters/hour  for  SOg  =  8*^0 
Space  velocity  136,  surface  velocity  —  2.72 


400 

90.2 

415 

94.1 

430 

97.1 

446 

99.2 

406 

91.6 

421 

9B.3 

434 

97.9 

450 

99.6 

411 

92.9 

426 

96.2 

440 

98.6 

456 

99.2 

Space  velocity  194,  surface  velocity  —  3.90 


400 

87.4 

415 

91.8 

430 

96.1 

445 

97.5 

405 

89.0 

420 

93.0 

436 

96.0 

460 

98.1 

411 

90.5 

425 

94.1 

440 

96.H 

454 

97.6 

Space  velocity  204,  surface  velocity  —  4.08 


400 

86.3 

415 

90.2 

430 

93.8 

445 

96.5 

406 

87.2 

419 

91.5 

435 

94.8 

450 

97.2 

410 

88.8 

426 

92.7 

440 

95.7 

455 

96.8 

Space  velocity  272,  surface  velocity  —  5.44 


400 

79.8 

416 

86.1 

429 

88.2 

444 

91.6 

405 

81.7 

420 

86.6 

435 

89.5 

460 

93.6 

410 

83.5 

424 

87.0 

440 

90.6 

466 

93.3 

b)  Oxidation  over  platinized  platinum 


Flow  rate  of  gas-air  mixture  0.7-1- 1,5  liters/hour  for  SO2  = 
Space  velocity  214,  surface  velocity  —  2.67 


400 

90.1 

416 

94.2 

430 

97.0 

446 

99.2 

408 

91.7 

421 

95.3 

434 

97.9 

450 

99.7 

410 

93.0 

425 

96.1 

440 

98.6 

456 

99.4 

^ace  velocity  306,  surface  velocity  —  3. 

,82 

400 

87.7  1 

415 

92.0 

430 

95.2 

445 

97.6 

406 

89.2 

420 

93.1 

438 

96.1 

450 

98.2 

411 

90.6 

425 

94.3 

440 

96.8 

464 

97.9 

Space  velocity  458,  surface  velocity  —  5.73 


400 
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81.6 
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86.3 
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89.4 
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93.2 
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83.4 
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86.9 
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90.6 
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92.9 

The  feed  rate  of  the  gas-air  mixture  containing  7-8%  sulfur  dioxide,  was  varied  in  the  range  of  1-4  liters 
per  hour  (Tables  1,  2).  Therefore  the  space  velocity  [6]  varied  for  Nichrome  in  the  range  of  68-136-204,  for 
platinized  Nichrome  in  the  range  of  136-194-204-276,  and  for  platinized  platinum  in  the  range  of  214-306-458. 
The  surface  velocities  [7]  were  respectively  1.36,  2.72„4.08;  2.72,3.90,  4.08,  5.44;  2,67,  3.82,  6.73, 

The  feed  rate  of  the  gas-air  mixture  containing  5-7.5%  hydrogen  sulfide  was  1-3  liters/ hour  (Table  3). 


The  space  velocity  for  platinized  Nichrome  was  97,  146,  194,  291.  The  corresponding  surface  velocities  were 
1.94,  2.92,  3.88  and  5.83. 


The  experimental  results  are  given  in  Tables  1-3. 


TABLE  3 

Effects  of  Space  and  Surface  Velocities  on  the  Oxidation  of  Hydrogen  Sulfide  over 
Platinized  Nichrome 

(Flow  rates  of  gas-air  mixture  1-2-3  liters/ hour  for  HgS  -  5%,  and  1-2  liters/ hour  for 
HjS  =  7.5%) 


Experimental  temperature  1  and  degree  of  oxidation  (in  %)  2 

1  1 

2  1 

1  1 

1  ^  ^ 

H 

2  I 

1  1  I 

2 

Space  velocity  97,  surface  velocity  —  1.94 


400  1 

88.3 

416 
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96.2 
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90.1 
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410 
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95.3 
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464 

Space  velocity  146,  surface  velocity  —  2.92 
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414 
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440 
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Space  velocity  194,  surface  velocity  —  3.88 
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Space  velocity  291,  surface  velocity  —  5.83 
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424 
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DISCUSSION  OF  RESULTS 

It  was  established  earlier  [8]  that  the  activity  of  platinized  Nichrome  is  Influenced  by  preliminary  heat 
treatment  before  it  is  platinized.  Therefore  the  present  paper  contains  the  results  of  experiments  on  the  influ¬ 
ence  of  such  treatment  on  the  degree  of  oxidation  of  sulfur  dioxide  over  Nichrome.  Table  1  shows  that  this 
Influence  exists.  The  temperature  of  maximum  oxidation  at  the  space  velocities  tested  increases  with  increase 
of  the  heat  treatment  temperature;  after  treatment  at  500°,  the  maximum  oxidation  temperature  is  450°,  while 
after  treatment  at  550  and  600°  it  is  470  and  480°  respectively.  Moreover,  the  maximum  degree  of  oxidation 
decreases,  although  only  slightly,  with  increasing  heat  treatment  temperature  (see  the  underlined  data  in  Table  1). 

The  influence  of  heat  treatment  on  catalyst  activity  can  be  attributed  to  sintering  of  the  catalyst  surface, 
which  primarily  affects  the  most  active  part  of  surface  —  its  active  centers.  Sintering  may  begin  at  lower  tern-  . 
peratures  than  recrystallization  of  the  whole  catalyst  mass. 

Sintering  of  chromium  oxide  was  observed  even  by  Wohler  [9].  Sabatier  [10]  showed  in  the  case  of  nickel 
catalysts  that  the  same  active  centers  are  eliminated  for  a  given  reaction  both  by  sintering  and  by  poisoning. 
Sintering  has  been  studied  by  Adadurov  and  his  associates.  They  found  that  the  usual  method  for  decreasing 
sintering  both  of  dxide  and  metal  catalysts  is  the  use  of  suitable  additions  and  supports.  For  example,  a  chromium 
—tin  catalyst  [11]  activated  by  barium  oxide  [12]  could  be  used  up  to  ,500°  without  any  loss  of  activity.  They  also 
showed  [13]  that  a  catalyst  obtained  from  Cr(N03)3  +  AlfNOsls  solution  gave  very  Indifferent  results,  while  a  tin- 
— chromium  catalyst  [14]  stabilized  with  3%  of  antimony  chloride  had  excellent  catalytic  properties,  giving  about 
99%  conversion  of  sulfur  dioxide  at  400*.  Consequently  antimony  is  a  particularly  effective  additive,  forming 
antimony  ttioxide,  which  has  a  molecular  lattice  of  the  diamond  type,  composed  of  double  molecules. 


According  to  Adadurov  [15],  the  influence  of  supports  and  additives  on  catalytic  properties  and  catalyst 
activity  reduces  to  their  deforming  action  on  the  atoms  or  molecules  of  the  catalyst  substance.  Additives  and 
supports  decrease  sintering  and  recrystallization  if  the  mobility  of  the  crystal  lattice,  which  depends  on  the 
external  field  of  the  support  or  additive  molecule,  is. diminished.  The  stronger  the  external  field  of  the  support 
or  additive  molecules,  the  more  will  the  sensitivity  to  thermal  Influences  be  decreased. 

Table  2  gives  comparative  data  on  the  oxidation  of  sulfur  dioxide  over  platinized  Nichrome  and  platinized 
platinum.  It  is  seen  that  the  degree  of  oxidation  in  both  cases  depends  on  the  space  and  surface  velocities,  and 
at  relatively  low  space  velocities  (136  for  platinized  Nichrome  and  214  for  platinized  platinum)  at  460*  it  is 
close  to  100%.  On  further  increase  of  the  space  velocity  the  degree  of  oxidation  falls  to  93.2-93.6%.  It  will  be 
seen  that,  as  in  the  experiments  on  poisoning  [6],  if  not  the  space  but  the  surface  velocity  is  taken  for  comparison 
[7],  it  is  found  that  at  equal  surface  velocities  2.67-2.72,  3.82-3.90  and  6.73-5.44  the  degree  of  oxidation  of 
sulfur  dioxide  is  practically  the  same  over  platinized  Nichrome  as  over  platinized  platinum. 

Table  3  shows  that  the  oxidation  of  hydrogen  sulfide  over  platinized  Nichrome,  at  space  velocity  97  and 
in  the  temperature  range  of  445-454",  is  about  99%.  When  the  space  velocity  is  291,  the  degree  of  oxidation  at 
the  same  temperature  is  approximately  91-91%.  Our  experiments  showed  that  at  the  same  space  velocity  the 
degree  of  oxidation  of  hydrogen  sulfide  is  the  same  in  gas-air  mixtures  containing  5%  and  7.5%  of  hydrogen 
sulfide.  It  should  be  noted  that  at  about  400*  some  sulfur  dioxide  was  also  formed.  It  is  thus  quite  likely  that 
the  reaction  proceeds  in  at  least  two  steps; 

2H2S  +  3O2  =  2H2O  +  2SO2;  2SO2  4-  O2  =  2SO3.  1 


The  first  stage  can  In  principle  be  separated  into  two  stages: 

1)  2H2S4-02  =  2H20-1-2S;  2)  S  4-02  =  802. 

Liberation  of  elemental  sulfur  may  have  an  adverse  effect  on  catalyst  activity,  especially  as  it  may 
result  in  the  formation  of  fairly  stable  sulfides.  However,  sulfur  formation  was  not  observed  in  our  experiments. 
A  control  experiment  on  hydrogen  oxidation  showed  that  the  catalyst  retained  its  original  activity. 

SUMMARY 

1.  It  was  found  in  tests  of  platinized  Nichrome  and,  for  comparison,  of  platinized  platinum  as  catalyst 
for  the  oxidation  of  sulfur  sioxide  and  hydrogen  sulfide  that  the  degree  of  oxidation  of  sulfur  dioxide  over 
Nichrome  is  76.7-69.4%,  depending  on  the  space  velocity. 

2.  The  influence  of  preliminary  heat  treatment  of  Nichrome  on  the  oxidation  was  studied;  it  was  found 
that  the- temperature  of  maximum  oxidation  increases,  and  the  maximum  degree  of  oxidation  decreases  slightly, 
with  Increasing  heat  treatment  temperature.  This  is  explained  by  sintering  of  the  catalyst  surface,  which  in¬ 
fluences  the  active  centers  of  the  catalyst  first. 

3.  The  degree  of  oxidation  of  sulfur  dioxide  over  platinized  Nichrome  and  platinized  platinum  is  practi¬ 
cally  the  same  at  equal  space  velocities.  It  is  close  to  100%  at  relatively  low  space  velocities  at  450*. 

4.  The  degree  of  oxidation  of  hydrogen  sulfide  over  platinized  Nichrome  in  the  temperature  range  of 
445-454*  at  a  space  velocity  of  97  is  about  99%.  At  about  400*  formation  of  sulfur  dioxide  is  observed. 
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DETERMINATION  OF  IMPURITIES  IN  METALLIC  CHROMIUM 


N.  V.  Ageev,  A,  I.  Ponomarev,  B.  N.  Melentyev,  and  V.  A.  Trapeznikov 


Chromium,  because  of  its  high  meiting  point,  chemical  resistance,  and  strength  at  eievated  temperatures, 
is  widely  used  in  the  production  of  new  alloys  utilized  in  various  branches  of  technology.  The  main  defect  of 
these  alloys  is  that  they  are  brittle  and  not  malleable.  Methods  are  now  known  for  production  of  chromium 
which  has  plasticity  at  room  temperature  [1,  2].  However,  plasticity  is  found  in  chromium  with  the  minimum 
content  of  impurities,  to  the  determination  of  which  much  attention  is  being  devoted.  The  present  paper  des¬ 
cribes  methods  for  determination  of  some  of  the  most  characteristic  impurities  in  metallic  chromium. 

EXPERIMENTAL 

Preparation  of  samples.  For  the  development  and  selection  of  an  analytical  method  for  determining  im¬ 
purities  in  metallic  chromium,  standard  samples  were  made  artificially,  containing  certain  added  elements. 

On  the  basis  of  general  qualitative  spectrum  analysis  it  was  found  that  the  most  characteristic  impurities  in 
chromium  made  by  the  aluminothermic,  hydride,  and  electrolytic  processes  are  silicon,  copper,  manganese, 
nickel,  titanium,  and  also  aluminum  and  iron.  The  above  impurities,  with  the  exception  of  aluminum  and  iron, 
were  introduced  into  all  the  standard  samples  made  from  electrolytic  chromium. 

The  amounts  of  nickel,  copper,  and  silicon  added  were  between  0.1  and  0.5%  by  weight.  From  0.3  to 
1.2%  by  weight  of  manganese,  and  from  0.2  to  2%  of  titanium,  were  added.  The  purest  grades  of  the  metals 
were  used  for  tlie  additions. 

The  total  impurity  contents  of  each  sample  were  chosen  to  be  within  the  same  limits.  Electrolytic  chro¬ 
mium  was  molded  into  cylindrical  briquets  in  a  hydraulic  press  before  being  put  into  the  crucibles.  The  standard 
samples  were  made  by  fusion  in  a  high  frequency  vacuum  furnace  in  a  helium  atmosphere  in  magnesite  crucibles 
placed  in  special  protective  cases  made  from  a  refractory  material.  Before  the  fusion  the  original  materials 
were  degassed,  first  at  room  temperature,  and  then  at  700-900“  until  a  vacuum  of  10"^  mm  Hg  was  established, 
after  which  the  pumps  were  disconnected  and  helium  was  introduced  into  the  working  space  to  a  pressure  of 
400-500  mm  Hg.  After  tire  fusion  the  standard  samples  were  cooled  in  vacuum  in  order  to  remove  gases  libera¬ 
ted  from  the  metal  during  fusion  and  given  off  during  cooling.  After  cooling,  the  samples  were  taken  out  into 
the  air.  The  weight  of  each  ingot  was  500-550  g.  The  standard  samples  were  cleaned  on  the  surface  to  remove 
crucible  contamination,  first  by  emery  and  then  by  a  cutting  tool.  Shavings  were  then  taken  from  the  standard 
samples  according  to  the  established  rules  for  preparing  samples  for  analysis. 

The  fine  shavings  were  additionally  powdered  in  an  Abikh  mortar  to  a  particle  size  not  exceeding  60  mesh, 
as  the  rate  and  degree  of  solution  of  metallic  chromium  in  acids  depend  on  the  particle  size. 

METHODS  OF  CHEMICAL  ANALYSIS 

Decomposition  of  sample.  A  weighed  sample  of  2-3  g  was  dissolved  on  warming  in  10  ml  of  sulfuric  acid 
(1 : 1)  and  20  ml  of  perchloric  acid  (60-70%).  When  perchloric  acid  fumes  appeared,  the  chromium  became 
oxidized  to  the  sexivalent  state,  and  the  solution  acquired  an  orange-yellow  color.  Care  was  taken  to  ensure 
that  the  perchloric  acid  was  not  volatilized  completely  and  basic  salts  were  not  precipitated.  When  the  sample 
was  dissolved,  chromium  was  removed  by  distillation  in  the  form  of  chromyl  chloride  CrOgClg.  For  this,  hydro¬ 
chloric  acid. sp.gr.  1.19  was  added  to  the  hot  solution  in  2-3  ml  portions,  or  dry,  finely  ground  sodium  chloride 
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was  added  in  small  portions  of  0.1-0. 2  g.  Dense  orange  fumes  of  chromyl  chloride  were  evolved,  and  removed 
under  an  exhaust  hood.  The  chromium  remaining  in  solution  was  reduced  to  the  trlvalent  state,  oxidized  again, 
and  removed  as  chromyl  chloride  as  before.  The  distillation  of  chromium  was  continued  until  it  was  almost 
entirely  removed  from  solution. 

Determination  of  silica  [3].  When  the  solution  was  heated  until  dense  perchloric  acid  fumes  appeared, 
silicic  acid  was  simultaneously  formed  in  the  form  of  SiOg  •  nH20,  which  was  filtered  off  through  a  "red  ribbon" 
filter.  The  filter  with  the  silicic  acid  precipitate  was  ashed,  ignited  in  a  platinum  crucible  at  1000-1100°,  and 
weighed.  The  weighed  precipitate  was  treated  with  a  mixture  of  HF  +  H2SO4  in  the  usual  way  and  again  ignited 
and  weighed.  The  difference  between  the  two  weighings  gave  the  weight  of  SIO2. 

Precipitation  of  iron,  titanium,  zirconium,  and  aluminum  hydroxides.  The  residue  after  removal  of  SiF4 
was  fused  with  die  minimum  amount  of  soda  or  sodium  pyrosulfate,  dissolved  in  dilute  sulfuric  acid,  and  com¬ 
bined  with  the  filtrate  from  silicic  acid.  The  silicic  acid  filtrate  contained  iron,  titanium,  zirconium,  alumi¬ 
num,  manganese,  nickel,  and  copper,  and  also  a  small  amount  of  residual  chromium.  The  precipitation  of  iron, 
titanium,  zirconium j  and  aluminum  hydroxides  and  their  separation  from  manganese,  nickel,  and  copper  was 
carried  out  by  means  of  pyridine  [3]. 

The  precipitated  hydroxides  were  ignited  and  fused  witli  a  small  amount  of  soda.  The  melt  was  leached 
Vitli  hot  water  and  filtered.  Chromium  passed  into  the  filtrate  as  alkali  chromate,  while  iron,  titanium,  zirco¬ 
nium,  and  partially  aluminum,"  remained  in  the  precipitate.  The  precipitate  was  ignited,  fused  with  a  small 
amount  of  potassium  pyrosulfate,  and  dissolved  in  50  ml  of  10%  sulfuric  acid;  the  solution  was  transferred  to  a 
100  ml  measuring  flask. 

Determination  of  titanium.  From  the  solution  prepared  for  analysis,  10  ml  was  taken  for  iron  determina¬ 
tion  (see  below),  to  the  remaining  solution  several  drops  of  3%  hydrogen  peroxide  solution  was  added  until  a 
stable  color  was  obtained,  and  titanium  was  determined  colorimetrically. 

Determination  of  zirconium.  The  solution  after  the  colorimetric  determination  of  titanium  was  acidified 
by  sulfuric  acid  to  give  a  10%  solution,  3-5  ml  of  30%  hydrogen  peroxide  was  added,  the  solution  heated  almost 
to  the  boil  and  zirconium  was  precipitated  by  20-30  ml  of  3%  of  phenylarsonlc  acid.  The  precipitate  was  fil¬ 
tered  with  paper  pulp  through  a  dense  filter,  washed  with  1%  hydrochloric  acid  solution,  ashed,  ignited  in  a 
porcelain  crucible,  and  weighed  as  Zr02.  The  weighed  prepicltate  was  fused  with  potassium  pyrosulfate,  the 
melt  was  dissolved  in  10%  sulfuric  acid,  and  the  zirconium  precipitation  was  repeated. 

Determination  of  iron  [4].  To  the  10  ml  of  the  solution  of  the  pyrosulfate  melt  taken  by  means  of  a  pipette 
for  iron  determination,  2-3  ml  of  10%  hydroxylamine  solution  was  added  and  (after  addition  of  1  ml  of  0.5% 
aa’-dipyridyl  solution)  the  solution  was  neutralized  dropwise  with  ammonia  over  the  pH  range  3-9,  The  solu¬ 
tion  was  made  up  to  the  mark  in  a  cylinder  and  compared  with  a  scale  of  standard  iron  solutions  colored  pink 
by  means  of  aa’-dipyrldyl.  The  standard  solutions  contained  from  0.01  to  0.1  Mg  Fe  per  100  ml. 

Determination  of  aluminum  [5].  Aluminum  was  determined  in  separate  samples  or  in  the  sesquioxides 
precipitated  by  pyridine.  The  precipitate  was  fused  with  potassium  pyrosulfate,  the  melt  was  dissolved  in  10% 
sulfuric  acid,  and  iron,  titanium,  and  zirconium  were  precipitated  by  cuferron  solution.  The  precipitate  was 
filtered  off,  and  5  g  of  ammonium  acetate,  a  small  amount  of  bromophenol  blue  indicator  and  ammonia  were 
added  to  the  filtrate  until  the  color  changed  to  violet.  Aluminum  was  precipitated  in  the  process.  The  precipi¬ 
tate  was  allowed  to  settle  on  a  warm  bath,  filtered,  washed  with  water,  ashed,  ignited,  and  weighed  as  AI2O3. 

Determination  of  manganese.  A  weighed  sample  of  the  metallic  chromium,  weighing  0.3-0. 5  g,  was 
placed  in  a  100  ml  beaker  and  dissolved  in  25  ml  of  hydrochloric  acid  (1 : 1).  To  the  solution  1  ml  of  nitric 
acid  and  5  ml  of  sulfuric  acid  (1 ;  1)  were  added  and  the  solution  evaporated  until  dense  fumes  of  sulfuric  acid 
appeared.  A  small  amount  of  water  was  then  added,  the  liquid  was  warmed  to  dissolve  the  salts,  and  the  cooled 
solution  was  tran^erred  into  a  measuring  flask  (if  it  was  intended  to  use  aliquot  portions*")or  into  a  larger  beaker, 
with  continuous  stirring,  containing  50-100  ml  of  cold  12%  sodium  pyrophosphate.  The  pyrophosphate  solution 
must  be  transparent  and  have  a  weakly  acid  or  neutral  reaction.  Electrodes  were  Immersed  in  the  beaker  and 
the  solution  titrated  with  0.01  N  KMn04  solution. 

•  In  view  of  the  fact  that  aluminum  is  distributed  between  the  filtrate  and  precipitate,  it  was  determined  in  a 
separate  sample. 

•  •  It  is  not  necessary  to  filter  off  silicic  acid. 


Determination  of  copper  and  nickel  [3].  It  is  preferable  to  determine  copper  and  nickel  polarographically 
after  removal  of  most  of  the  chromium  as  chromyl  chloride.  As  the  chromium  remaining  in  solution  interferes 
with  the  nickel  determination,  the  nickel  was  precipitated  by  dimethylglyoxime,  the  precipitate  was  dissolved, 
and  nickel  determined  polarographically  in  the  solution  at  a  half-wave  potential  &  —1.0  v.  In  the  filtrate 

from  the  nickel  copper  was  determined  polarographically  at  a  —0.45  v.  Any  visual  or  photorecording  polar- 
ograph  may  be  used. 

For  preparation  of  the  standard  copper  and  nickel  solutions,  1.0  g  of  the  purest  grade  metal  was  taken  in 
the  form  of  shavings  or  small  pieces,  and  dissolved  on  warming  in  20-25  ml  of  nitric  acid  (1 : 1).  The  solution 
was  evaporated  down  to  a  small  residue,  15  ml  of  hydrochloric  acid  sp.gr.  1.19  was  added,  and  the  solution 
evaporated  again.  The  evaporation  was  repeated  twice  more  with  5  ml  of  hydrochloric  acid.  The  solution  was 
cooled  and  about  50  ml  of  5%  (by  volume)  hydrochloric  acid  added;  it  was  then  transferred  into  a  1  liter  mea¬ 
suring  flask,  made  up  to  the  mark,  and  mixed.  1  ml  of  the  solution  contained  1  mg  of  metaL 

For  determination  of  nickel  and  copper,  1  g  of  chromium  was  dissolved  in  perchloric  acid  and  chromium 
driven  off  as  chromyl  chloride.  The  precipitated  silicic  acid  was  filtered  off  and  treated  with  hydrofluoric  and 
sulfuric  acids  after  ignition.  The  residue  was  fused  with  soda  or  sodium  pyrosulfate,  leached  out  with  water,  and 
added  to  the  main  solution.  The  volume  of  liquid  in  the  beaker  was  brought  up  to  about  200  ml  and  nickel  was 
precipitated  by  dimethylglyoxime  in  presence  of  3-4  g  of  citric  acid,  the  liquid  being  left  overnight.  The  solu¬ 
tion  was  filtered  and  the  precipitate  washed  with  warm  water.  The  filter  with  the  precipitate  was  placed  in  a 
platinum  crucible,  charred,  and  ignited  under  a  layer  of  oxalic  acid  over  a  gas  burner  at  the  lowest  possible 
temperature.  The  residue  in  the  crucible  was  dissolved  in  hydrochloric  acid,  the  solution  transferred  into  a 
50  ml  measuring  flask,  neutralized  with  ammonia,  a  further  15  ml  of  25%  ammonia,  2.5  g  of  sodium  sulfite 
and  2.5  ml  of  (i.5%  gelatin  solution  were  added,  the  liquid  made  up  to  the  mark  and  mixed.  Nickel  was  deter¬ 
mined  polarographically,  by  the  addition  method.  For  this,  standard  solution  was  taken  by  means  of  a  pipette  or 
microburet,  transferred  into  a  small  beaker,  and  evaporated  almost  to  dryness.  The  residue  in  the  beaker  was 
washed  out  with  the  solution  to  be  analyzed  into  a  dry  25  ml  measuring  flask,  made  up  to  the  mark,  mixed,  and 
determined  polarographically.  The  amount  of  standard  solution  taken  was  calculated  so  as  approximately  to 
double  the  wave.  If  the  addition  does  not  exceed  0.2  ml,  it  may  be  placed  in  the  25  ml  flask  without  preliminary 
evaporation. 

For  the  copper  determination,  the  filtrate  from  the  precipitation  of  nickel  by  dimethylglyoxime  was  acidi¬ 
fied  with  hydrochloric  acid  and  evaporated  until  salts  were  precipitated.  The  salts  were  dissolved  in  the  mini¬ 
mum  amount  of  hot  water,  and  the  solution  was  transferred  into  a  100  ml  measuring  flask,  cooled,  and  neutral¬ 
ized  with  ammonia.  As  the  volume  of  solution  obtained  is  always  fairly  large,  it  is  not  convenient  to  use  a 
separately  prepared  background.  After  neutralization,  30  ml  of  25<yo  ammonia,  5  g  of  sodium  sulfite,  and  2.5 
ml  of  1%  gelatin  solution  were  added  to  the  flask  and  water  was  then  added  to  the  mark.  The  solution  was 
mixed  and  copper  determined  polarographically  by  the  method  of  additions. 

Determination  of  nitrogen  [6].  A  0. 2-0.5  g  weighed  sample  of  chromium  was  dissolved  in  a  conical 
flask  with  a  ground  glass  stopper  in  100  ml  of  hydrochloric  acid  (1 : 2)  with  gentle  heating.  Sometimes,  for 
easier  dissolving,  10-15  ml  of  HCIO4  or  H3PO4  was  added,  and  the  solution  heated  until  fumes  of  the  acid 
appeared. 

The  cooled  solution  was  diluted  with  distilled  water  and  transferred  quantitatively  into  the  reaction  flask 
of  an  ammonia  distillation  apparatus.  It  is  recommended  to  use  a  condenser  between  the  reaction  flask  and  the 
titration  vessel.  Excess  of  50%  alkali  was  introduced  into  the  reaction  flask  and  ammonia  was  distilled  off  at 
the  boil  for  25  minutes.  The  evolved  ammonia  was  collected  in  the  titration  vessel  which  contained  water 
colored  with  a  mixed  indicator  (0.125  g  of  methyl  red  +  0.083  g  of  methylene  blue  in  00%  alcohol).  The  solu¬ 
tion  was  titrated  with  0.01  N  sulfuric  acid  until  the  color  of  the  indicator  changed  from  bright  green  to  perman¬ 
ganate  red. 

Determination  of  oxygen  [1].  The  chromium  sample  was  heated  in  a  vacuum  for  1  hour  at  850“  to  oxidize 
chromium  to  chromium  oxide  Cr203  by  the  oxygen  dissolved  in  the  metal.  The  sample,  weighing  1  g,  was  then 
dissolved  in  hot  10%  hydrochloric  acid,  left  to  stand  in  the  cold  for  2  hours,  filtered,  and  washed  with  cold  A% 
hydrochloric  acid.  The  precipitate  was  then  ashed  and  weighed  as  chromium  oxide.  The  oxygen  content  was 
calculated  from  the  result. 
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TABLE  1 
Analytical  Errors 


Element 

Number  of 
observations 

Root  mean  squai 
error  (in  wt. 

Tatanium 

10 

±0.04 

Manganese 

12 

±0.06 

Copper 

18 

±0.01 

Nickel 

14 

±0.01 

Silicon 

i  ' 

1 

±0.01 

TABLE  2 

Chemical  Analysis  of  Standard  Samples 


Standard 

sample 

No. 


Contents  of  impurities  (wt.  oJ<,) 


SI 


Ni 


T*  =  0.5 
F*  •  =  0.50 
^abV=  0 

^el-0 


T  ==0.1 
F  =0.15 
Aabs  =  0-06 

£,el-60 


T=0.3 
F  =  0.34 
^abs=  0-04 


‘rel 


=  13.3 


T  =0.5 
F  =  0.51 

Aabs=0.01 

A, el  =  2.0 


2 


3 


4a 


46 


5 

6 


T=  0.4 

T  =  0.2 

F  =0.5 

F=0.28 

^bs  =  0-l 

^abs— 0.08 

4el  =26.0 

Arei  =  40.0 

T  =0.3 

T  =  0.3 

F  =  0.30 

F  =  0.30 

^abs=® 

^bs  =  ® 

A  rel  =  0 

Arel  =0 

T  =  0.2 

T  =0.4 

F  =0.28 

F  =  0.45 

^bs  =  0-08 

Aabs  =  0.05 

Arel='*®-® 

Arel  =12.5 

T  =  0.2 

T  =  0.4 

F  =0.20 

F  =  0.45 

^  abr^  ® 

^abs= 

Arel=® 

i  el  =12-6 

T  =0.1 

T  =0.5 

F  =0.12 

F  =0.42 

^  abs=  0.02 

A  =0.08 

A  rel—  20 

A^ei  =  16.0 

0.01 

0.00 

T  =0.5 

T  =  o.4 

F  =0.60 

F  =  0.33 

^bs=0.1 

Aabs  =  0.07 

Arel  =20-0 

A  rel=  17.5 

T  =  0.7 

T  =  0.3 

F  =0.80 

F  =  0.36 

Aabs=0.1 

Aabs=0.06 

Arel  =  14.3 

Arel  =20.0 

T  =0.9 

T  =0.2 

F  =0.90 

F  =  0.20 

^abs=  0 

Aabs  =0 

Vi=o 

^el=0 

T=0.9 

T  =0.2 

F  =0.86 

F  =0.20 

Aabs=0.04 

4bs=0 

^el  =-^-4 

l-l 

.  II 

o 

T=1.2 

T  =  0.1 

F  =  1.08 

F  =  0.13 

^abs  =  0.12 

Aabs  =  0.03 

4el  =100 

Ajgl=30.0 

0.00 

0.00 

T1 


T=2.0 
F=1.57 
Aabs  =  0-43 
Arei  =21.5 

T=1.7 
F  =  1.23 

^abs 

Arel  =  27.6 

T  =  1.2 
F  =  0.74 
Aabs  =  0.46 

Ajei  —  38.3 

T=  0.7 
F  =  0.56 
W  =  0-14 

A,ei  =  20.0 


Aabs  =  0.09 

A  rel—  12.8 

T=0.2 
F  =0.14 
^abs— 

^el  =30.0 
O.Ol 


•  T  =  impurity  taken  (in  wt.  %) 

•  •  F  =  found  by  analysis  (in  wt.<7o) 
•  •  •  Aabs  =  absolute  error  ( ^o) 

•  *  •  •  Ajei  =  relative  error  («7o) 
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DISCUSSION  OF  RESULTS 

As  the  result  of  out  Investigations  methods  have  been  chosen  for  analysis  of  metallic  chromium  for  silicon, 
iron,  titanium,  zirconium,  aluminum,  manganese,  nickel,  copper,  and  also  nitrogen  and  oxygen.  The  methods 
described  can  be  used  for  determining  these  Impurities,  if  not  less  than  0.01<7o  by  weight  is  present,  in  metallic 
chromium. 

The  applicability  of  lliese  methods  is  confirmed  by  the  agreement  of  the  results  of  chemical  determinations 
of  impurities  (silicon,  titanium,  manganese,  nickel,  and  copper)  with  the  amounts  Introduced  into  standard  sam¬ 
ples  (Tables  1,  2).  Duplicate  or  triplicate  determinations  of  these  elements  in  standard  samples  also  showed  good 
reproducibility,  not  exceeding  the  permissible  error  limits  (Table  1). 

It  was  found  as  the  result  of  these  investigations  that  colorimetric  determinations  of  manganese  give  low 
results,  more  reliable  results  being  obtained  by  volumetric  methods.  Table  2  gives  the  average  results  of  the 
determinations,  compared  with  the  amounts  of  the  elements  introduced.  The  greatest  differences  were  found  for 
titanium,  for  which  the  relative  loss  error  varies  consistently  in  the  range  of  25-30'7o.  The  low  values  for  tita¬ 
nium  may  be  attributed  to  losses  during  fusion.  Sample  No. 6  (Table  2)  was  fused  electrolytic  chromium,  in 
which  copper,  manganese,  and  nickel  were  not  detected  by  these  methods  owing  to  their  limited  sensitivity, 
while  the  amounts  of  silicon  and  titanium  found  were  O.Ol^^o  by  weight. 
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SIMPLE  CALORIMETRIC  INSTRUMENTS  FOR  DETERMINATION  OF  SPECIFIC 
HEATS  OF  SOLUTIONS  AND  HEAT  OF  SOLUTION  AT  LOW  TEMPERATURES 


K.  P.  Mishchenko  and  I.  F,  Yakovlev 


The  not  very  numerous  calorimetric  studies  of  solutions  at  temperatures  close  to  0“  have,  with  rare  excep¬ 
tions,  been  carried  out  with  the  use  of  ice  calorimeters  [1], 

The  ice  calorimeter,  while  it  is  a  convenient  apparatus  for  studying  heat  effects  of  greatly  protracted 
processes,  has  a  number  of  important  defects  when  used  for  determining  heat  capacities  of  solutions  and  heats 
of  solutions:  the  complex  and  laborious  character  of  the  measurement  itself,  impossibility  of  varying  the  tem¬ 
perature,  errors  introduced  in  calibration  of  the  capillary  and  in  formation  of  the  ice  layer,  etc. 

In  view  of  all  these  facts,  and  because  of  our  wish  to  obtain  polythermic  characteristics  of  certain  solu¬ 
tions  by  the  use  of  a  single  method,  we  developed  two  new  types  of  calorimetric  apparatus  based  on  the  widely 
used  Vrevsky  calorimeter  [2-4]. 

As  is  known,  this  is  a  nonisothermal,  nonadiabatic  calorimeter,  essentially  consisting  of  a  brass  shell 
wrapped  in  cotton  wool  and  felt,  with  double  walls  and  a  similar  separable  lid,  through  which  liquid  is  con¬ 
tinuously  pumped  at  constant  temperature  from  an  auxiliary  thermostat.  The  air  space  of  this  shell  contains  a 
glass  or  metal  calorimetric  beaker,  250-500  ml  in  capacity,  resting  on  three  points  only  [4]. 

The  following  are  inserted  into  the  lid  of  this  beaker:  a  Beckmann  thermometer  graduated  in  1/100, 

1/500,  or  1/1000  degrees,  a  stirrer,  a  device  for  introducing  salts  into  the  solution  (or  a  pipette  for  dilution), 
and  a  glass  mercury-filled  or  metallic  heater. 

With  careful  work,  in  measurements  of  temperature  changes  of  the  order  of  0.5  to  3°,  it  is  possible  to 
attain  an  accuracy  of  0.1-0.3<7o  with  this  apparatus,  while  with  the  use  of  a  thermometer  with  1/  500  or  1/ 1000 
degree  scale  divisions  it  is  possible  to  obtain  quite  satisfactory  reproducibility  with  At  =  0.02-0.005®. 

For  determinations  at  low  temperatures,  the  Vrevsky  calorimeter  has  been  used  only  once,  by  Mishchenko, 
to  measure  the  heat  capacity  of  the  system  HNO3-H2O  at  +2.53°  [2].  Snow  and  crushed  ice  were  introduced 
into  the  water  of  the  auxiliary  thermostat,  and  the  blades  of  the  turbine  used  for  pumping  water  into  the  shell 
were  protected  by  a  special  gauze. 

We  were  compelled  to  abandon  the  use  of  the  auxiliary  thermostat  owing  to  the  desire  to  obtain  lower 
temperatures,  and  to  the  insuperable  difficulties  involved  in  heat  insulation  of  the  liquid  being  pumped  from  the 
auxiliary  into  the  main  thermiostat. 

Figures  1  and  2  show  diagrams  of  our  calorimetric  instruments  suitable  for  measurements  at  temperatures 
close  to  and  below  0°. 

For  measurements  at  temperatures  a  little  above  0°,  the  main  thermostat  1  (Fig.  1)  may  be  either  a 
Hoeppler  thermostat,  or  any  other  brass  or  copper  vessel  w  300  mm  in  diameter  and  w  400  mm  high,  with  ex¬ 
ternal  asbestos  insulation  2,  15-20  mm  thick.  The  vessel  is  firmly  closed  from  above  by  a  lid  3  with  similar 
insulation  4. 

The  center  of  the  thermostat  contains  a  cylindrical  brass  vessel  5,  120  mm  in  diameter  and  230  mm  high. 
This  vessel  is  firmly  screwed  by  means  of  flanges  to  the  lid  3  of  the  thermostat,  and  serves  as  the  nest  into  which 
tlie  calorimetric  beaker  6  is  inserted. 
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The  calorimetric  beaker  described  by  Kaganovich  [4],  which  is  widely  used  in  our  laboratory,  was  used 
in  the  experiments. 

The  calorimetric  beaker  6  stands  on  a  special  ebonite  support  7,  on  the  floor  of  the  thermostat  nest. 
There  is  an  air  gap  of  15  mm  between  the  walls  of  this  nest  and  the  calorimetric  beaker. 

To  prevent  accidental  contact  of  the  calorimetric  beaker  with  the  walls  of  the  isothermal  nest,  the  space 
between  them  contains  four  wooden  rods  8,  in  close  contact  with  the  thermostat  walls. 


Fig.  1.  Diagram  of  calorimetric  apparatus  for  measurements  at  +2*. 

1)  Hoeppler  thermostat,  2)  insulation,  3)  lid,  4)  lid  insulation,  5)  brass  vessel,  6)  calori¬ 
metric  beaker,  7)  ebonite  support,  8)  wooden  rod,  9)  thermometer,  10)  siphon,  11)  cork, 
12)  rubber  balloon,  13)  stirrer,  14)  Beckmann  thermometer,  15)  motor,  16)  selenium  rec¬ 
tifier,  17)  smoothing  filter,  18)  paired  switch,  19)  solenoid,  20)  timer,  21)  10  v  battery, 
22)  resistance,  23)  mercury  contacts,  24)  potential  distributor,  25)  1  ohm  resistance  coil, 
26)  potentiometer. 
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Fig.  2.  Diagram  of  calorimetric  apparatus  for  measurements  at— 6“. 

1)  Dewar  flask,  2)  nest,  3)  calorimetric  beaker,  4)  box,  5)  cork  support,  6)  sawdust,  7) 
lid,  8)  felt  ring,  9)  thermometer,  10)  handle  of  glass  stirrer. 

The  other  designations  as  in  Fig.  1. 

The  lid  of  the  thermostat  contains  openings  for  a  thermometer  9  and  siphon  10,  through  which  the  water 
formed  from  melting  ice  was  removed  from  the  thermostat.  The  lid  also  carries  a  brass  rod  used  as  a  stand  for 
fixing  the  calorimetric  beaker. 
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The  thermostat  Is  completely  filled  through  an  opening  with  pieces  of  pure  ice,  which  ensures  a  constant 
temperature  of  0®  inside  the  thermostat. 

In  our  case  the  air  gap  between  the  calorimetric  beaker  and  the  walls  of  the  thermostat  nest  ensured  a 
stable  temperature  of  +2“  in  the  calorimetric  beaker. 

The  calorimetric  beaker  containing  the  solution  is  inserted  in  the  thermostat  nest.  The  nest  is  covered  by 
a  special  cork  11  and  a  rubber  balloon  12  filled  with  pieces  of  pure  ice. 

The  whole  apparatus  is  contained  in  an  air  thermostat,  consisting  of  a  cabinet  with  glass  doors  through  which 
the  observations  were  made. 

The  air  thermostat  maintains  the  temperature  of  the  projecting  parts  of  the  calorimetric  apparatus  constant 
to  within  ±0.5°,  and  makes  it  possible  to  apply  thermometer  stem  corrections. 

When  thermal  equilibrium  has  been  reached  (as  shown  by  the  regular  course  of  the  temperature  in  the 
calorimetric  beaker)  the  main  period  of  the  experiment  begins. 

For  measurements  at  temperatures  below  0°  (—6°  in  our  case),  the  cooling  mixture  consisted  of  acetone  and 
glycol  in  which  solid  carbon  dioxide  was  dissolved.  The  general  scheme  of  the  apparatus  remains  the  same 
(Fig.  2),  but  a  large  Dewar  flask  1,  220  mm  in  diameter  and  560  mm  high.  Is  used  as  the  thermostat,  containing 
the  same  nest  2  for  the  calorimetric  beaker  3.  The  Dewar  flask  is  stood  in  a  wooden  box  4  on  a  cork  support  5. 
The  space  between  the  walls  of  the  box  and  the  Dewar  flask  is  filled  with  sawdust  6. 

The  nest  for  the  calorimetric  beaker  is  fixed  in  the  center  of  the  wooden  box  lid  7.  A  felt  ring  8  is  glued 
to  the  under  side  of  the  lid  so  that  the  liw  firmly  closes  the  Dewar  flask.  Wooden  planks  are  attached  to  the 
sides  of  the  lid  for  centering  it.  The  thermostat  nest  is  fixed  in  such  a  way  that  when  the  box  is  covered  by  its 
lid  it  is  exactly  in  the  center  of  the  Dewar  flask.  Over  the  center  of  the  Dewar  flask  there  is  an  oblong  hole  in 
the  lid  for  inserting  the  thermometer  9,  the  handle  of  the  glass  stirrer  10,  and  for  introducing  pieces  of  solid 
carbon  dioxide.  The  hole  is  then  blocked  with  cotton  wool.  The  acetone-glycol  freezing  mixture  completely 
fills  the  Dewar  flask.  Solid  carbon  dioxide  is  dissolved  in  it  with  thorough  stirring  by  means  of  die  glass  stirrer, 
by  hand,  with  the  wooden  lid  of  the  thermostat  removed. 

The  cooling  mixture  is  taken  down  to  —25°,  and  the  calorimetric  beaker  containing  the  solution  is  care¬ 
fully  inserted  into  it.  After  the  temperature  of  the  solution  in  the  calorimetric  beaker  has  dropped  to  0.5°  below 
the  required  level,  the  beaker  is  taken  out  of  the  cooling  mixture,  the  thermostat  is  quickly  covered  with  its  lid, 
and  the  calorimetric  beaker  is  inserted  into  the  nest. 

In  our  determinations  at— 6*  a  temperature  of'— 12°  was  maintained  in  the  thermostat  by  addition  of  small 
pieces  of  carbon  dioxide.  A  stable  temperature  was  maintained  in  the  thermostat  for  about  one  hour,  which  is 
quite  sufficient  for  experiments  lasting  10-15  minutes. 

The  measurement  accuracy  in  these  instruments,  for  temperature  effects  of  1°  and  over,  was  0.2^0. 

In  view  of  the  good  agreement  between  separate  experiments  and  of  the  simplicity  of  the  determinations, 
these  calorimetric  instruments  can  be  recommended. 
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SOLUBILITY  OF  THE  ACID  SULFATES  OF  QUINOLINE  AND 
ISOQUINOLINE  IN  ETHYL  ALCOHOL 

M.  M.  Potashnikov  and  P.  N.  Gorelov 
Eastern  Scientific  Research  Institute  for  Coal  Cherristry 


in  the  production  of  pure  quinoline  and  isoquinoline  from  coal  tar  bases,  the  appropriate  fractions  are 
concentrated  by  conversion  into  sulfates  with  subsequent  repeated  recrystallization  of  the  sulfates  from  ethyl 
alcohol  [1-3]. 

In  this  concentration  process  the  yield  and  quality  of  the  products  depend  on  the  concentration  of  ethyl 
alcohol,  on  the  concentrations  of  quinoline  and  isoquinoline  in  tlie  original  technical  products,  and  on  the  com¬ 
position  of  the  impurities,  the  sulfate  of  which  have  different  solubilities.  The  literature  contains  no  data  on 
the  solubilities  of  the  sulfates  of  quinoline,  isoquinoline,  and  their  homologs  in  ethyl  alcohol  of  various  concen¬ 
trations,  and  therefore  the  method  of  recrystallization  of  quinoline  base  sulfates  has  no  theoretical  basis  but  Is 
of  an  empirical  character.  Studies  of  the  solubility  of  quinoline  base  sulfates  in  ethyl  alcohol  are  therefore  of 
definite  scientific  and  practical  interest,  especially  in  relation  to  the  production  of  quinoline  from  coal  tar  In 
the  USSR,  and  to  the  possibility  of  isolating  the  isoquinoline  fraction  for  isoquinoline  production  [4], 

The  isoquinoline  fraction  obtained  in  the  production  of  coal  tar  quinoline  consists  mainly  of  quinoline 
and  isoquinoline  with  an  admixture  of  quinaldine,  which  can  be  removed  fairly  easily  in  the  form  of  quinoph- 
thalone  by  condensation  with  phthalic  anhydride. 

Separation  of  the  binary  quinoline-isoquinoline  mixture  remaining  after  removal  of  quinaldine  may  be 
effected  by  means  of  a  solvent  in  which  quinoline  and  isoquinoline  sulfates  have  appreciably  different  solubil¬ 
ities.  Owing  to  the  lack  of  the  relevant  data  in  the  literature,  we  carried  out  a  study  of  the  solubility  of  the 
acid  sulfates  of  quinoline  and  isoquinoline  in  ethyl  alcohol  of  various  concentrations. 

EXPERIMENTAL 

The  starting  materials  for  preparation  of  the  acid  sulfates  were  coal  tar  quinoline  and  isoquinoline.  Each 
of  these  bases  was  dissolved  in  95%  ethyl  alcohol  previously  rectified  over  a  100-plate  column.  Concentrated 
sulfuric  acid  was  added  to  the  alcoholic  solutions  of  quinoline  and  isoquinoline.  The  acid  sulfates  formed  were 
filtered  off  and  recrystallized  from  ethyl  alcohol  until  the  following  melting  points  were  obtained:  164-164.5® 
for  quinoline  sulfate  and  207-208®  for  isoquinoline  sulfate.  The  purity  of  the  sulfates  was  also  checked  polaro- 
graphically  by  the  curves  for  their  reduction  at  a  dropping  mercury  electrode  [5],  Absence  of  subsidiary  waves' 
indicated  that  the  products  were  pure. 

To  confirm  that  the  acid  sulfates  were  obtained,  without  admixtures  of  neutral  sulfates  their  acid  contents 
were  determined  by  titration  of  weighed  samples  with  0.1  N  NaOH  solution  against  phenolphthalein,  in  addition 
to  the  melting  point  determinations.  The  acid  content,  found  to  be  43.13-43.14%  as  compared  with  the  theo¬ 
retical  value  of  43. 17%,  indicated  that  the  acid  sulfates  of  quinoline  and  isoquinoline  had  been  prepared. 

Apparatus  and  method.  The  apparatus  shown  in  Fig.  1  was  used  for  determining  the  solubilities  of  the 
acid  sulfates  of  quinoline  and  isoquinoline  in  ethyl  alcohol.  10  ml  of  ethyl  alcohol  were  put  Into  the  test  tube  A 
contained  in  the  thermostat  B  (a  transparent  Dewar  flask).  The  water  in  the  thermostat  was  thoroughly  stirred 
by  means  of  the  stirrer  C,  and  maintained  at  the  required  temperature  by  addition  of  hot  or  cold  water.  The 
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TABLE  1 


Solubility  of  the  Acid  Sulfate  of  Quinoline  in  Ethyl  Alcohol 


Alcohol 

concen- 
tration(in 
volume  %' 

Solubility  (in  g/100  ml  of  solution)  at  temperature 
(in  °C): 

0  j 

10 

20 

30 

40 

50 

4.44 

6.92 

10.39 

16.39 

17.71 

26.28 

90 

12.99 

19.91 

26.75 

36.25 

40.91 

51.57 

85 

28.35 

36.72 

44.01 

52.15 

60.50 

69.29 

80 

96.22 

43.87 

61.78 

69.32 

66.06 

79.82 

75 

44.88 

54.63 

61.93 

68.16 

74.73 

81.98 

D 

c  r 


Fig.  1.  Apparatus  for 
solubility  determina¬ 
tions. 

Explanation  in  text. 


ethyl  alcohol  in  the  test  tube  was  vigorously  stirred  for  40  minutes  by  means  of  the  electric  stirrer  D;  then,  with 
uninterrupted  stirring,  the  sulfate  was  introduced  into  the  alcohol  in  a  quantity  sufficient  for  some  solid  phase 
to  remain  in  the  tube  throughout  the  experiment.  Forty  minutes  after  addition  of  the  sulfate  about  2  ml  of  solu¬ 
tion  was  taken  with  a  pipette  (graduated  with  0.02  ml  divisions),  and  the  sulfate  content  was  determined  by 
titration  with  0.1  N  NaOH  solution  with  phenolphthalein  indicator.  Equilibrium  at  a  given  temperature  was  seen 
to  be  established  when  two  consecutive  samples  of  the  solution  taken  with  a  30-minute  interval  had  the  same 
sulfate  concentration.  The  solid  and  liquid  phases  were  thoroughly  mixed  throughout  the  experiment. 


To  prevent  withdrawal  of  solid  phase  when  samples  of  the  sulfate  solutions  were  taken,  the  test  tube  con¬ 
tained  a  glass  tube  E,  the  lower  end  of  which  was  closed  by  filter  paper  fixed  to  the  tube  as  shown  in  Fig.  1,  The 
pipette  was  inserted  intothis  tube  and  the  upper  end  of  the  tube  was  closed  by  a  cork.  When  air  was  sucked  out 
of  the  pipette,  the  solution  filtered  through  the  paper  entered  the  tube  and  pipette.  To  avoid  cooling  of  the  solution 
in  the  test  tube  and  disturbance  of  the  established  equilibrium,  the  glass  tube  and  the  test  tube  were  previously 
warmed  to  the  required  temperature  in  a  thermostat,  and  quickly  introduced  into  the  solution  in  sampling. 

The  solubility  of  the  acid  sulfate  of  quinoline  in  ethyl  alcohol  was  determined  in  75-95%  alcohol  (by 
volume)  over  the  temperature  range  from  0  to  50°.  The  results  are  given  in  Table  1. 

The  results  show  that  the  solubility  of  acid  quinoline  sulfate  increases  with  increasing  temperature  and 
decreasing  alcohol  concentration.  The  nature  of  the  variation  of  the  solubility  of  acid  quinoline  sulfate  with 
alcohol  concentration  and  temperature  is  shown  graphically  in  Fig.  2,  I. 

The  solubility  curves  for  quinoline  sulfate  for  different  alcohol  concentrations  form  a  group  of  isotherms, 
which  on  extrapolation  converge  at  one  point  a,  corresponding  to  solution  in  absolute  alcohol.  Each  isotherm 
in  Fig.  2  consists  of  two  branches  Intersecting  at  a  point  which  has  the  same  ordinate  for  all  the  isotherms,  and 
which  corresponds  to  85%  alcohol. 


Solubility  of  the  acid  sulfate  of  isoquinoline  in  ethyl  alcohol  of  75-95%  concentration  (by  volume)  was 
determined  in  the  same  way  as  the  solubility  oi  the  acid  sulfate  of  quinoline,  over  the  temperature  range  of 
0-50°.  The  results  are  given  in  Table  2. 

It  is  seen  for  the  data  in  Table  2  that  the  solubility  of  isoquinoline  acid  sulfate,  like  that  of  quinoline  acid 
sulfate,  increases  with  increasing  temperature  and  decreasing  concentration  of  ethyl  alcohol.  A  clearer  idea  of 
the  solubility  of  Isoquinoline  sulfate  is  given  by  the  solubility  curves  in  Fig.  2,  II.  These  curves,  like  those  for 
quinoline  sulfate  (Fig.  2,  I),  constitute  a  group  of  isotherms  converging  at  a  point  corresponding  to  absolute 
alcohol  and  zero  solubility,  and  also  have  breaks  at  points  corresponding  to  85%  alcohol. 
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A 


Fig,  2.  Solubilities  of  acid  sulfates  of  quinoline  (1)  and  isoquinoline  (11)  in  ethyl 
alcohol. 

A)  Alcohol  concentration  (in  <^0),  B)  solubility  (in  g/  100  ml  of  solution). 
Temperature  (in  ’C):  1)  0,  2)  10,  3)  20,  4)  30,  5)  40,  6)  50. 


TABLE  2 

Solubility  of  the  Acid  Sulfate  of  Quinoline  in  Ethyl  Alcohol 


Alcohol 
concentra¬ 
tion  (in 
volume  %) 

Solubility  (in  g/100  ml  of  solution)  at  temperature 
(in  ”C): 

0 

10 

1 

20 

30 

1 

40 

50 

1 

‘>5 

1.61 

i  2.31 

3.18 

4.44 

6.38 

8.42 

!)0 

4.02 

j  6.08 

8.46 

11.81 

16.99 

22.23 

86 

8.27 

'  13.06 

18.19 

25.23 

31.34 

36.84 

80 

13.11 

19.24 

25.83 

33.03 

40.97 

50.35 

76 

20.63 

29.42 

i 

35.33 

DISCUSSION  OF  RESULTS 

The  fact  that  the  solubility  isotherms  of  the  acid  sulfates  of  quinoline  and  isoquinoline  have  special  points 
formed  by  intersection  of  two  branches  indicates  that  each  branch  corresponds  to  the  solubility  of  a  different 
compound.  Formation  of  new  compounds  in  the  system  "acid  sulfate  of  quinoline  (isoquinoline)-ethyl  alcohol- 
water"  occurs  in  the  region  of  concentration  of  alcohol.  The  properties  of  each  of  the  components  of  the 
system  suggest  that  these  new  compounds  may  be  the  crystalline  hydrates  of  quinoline  and  isoquinoline  acid 
sulfates. 

It  is  known  from  D.  I.  Mendeleev's  work  on  solutions  that  ethyl  alcohol  forms  various  compounds  with 
water.  For  example,  in  alcohol  of  over  concentration  a  stable  compound  corresponding  to  the  composition 
3C2H5OH  .  H2O  is  formed.  If  the  crystalline  hydrates  of  quinoline  and  isoquinoline  sulfate  are  less  stable  than 
this  compound  of'alcohol  with  water,  formation  of  the  crystalline  hydrates  may  take  place  at  alcohol  concen¬ 
trations  below  85%.  For  experimental  verification  of  crystalline  hydrate  formation,  the  solubilities  of  the  acid 
sulfates  of  quinoline  and  isoquinoline  in  water  were  studied.  The  method  used  for  the  solubility  determinations 
was  the  same  as  before.  The  results  are  given  in  Fig.  3.  The  presence  of  a  series  of  breaks  on  the  solubility 
curves  for  the  acid  sulfates  of  quinoline  and  isoquinoline  in  water  clearly  indicates  the  formation  of  compounds 
between  these  sulfates  and  water;  these  can  only  be  crystalline  hydrates.  Two  crystalline  hydrates  of  isoquinoline 
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A 


Fig.  3.  Solubilities  of  the  acid  sulfates  of  quinoline  (I)  and  iso- 
quinoline  (II)  in  water. 

A)  Temperature  (in  °C),  B)  solubility  (in  g/100  ml  of  solution). 

acid  sulfate  were  isolated  and  identified  by  the  authors.  The  first  has  the  composition  C9H7N  .  H2SO4  •  4H2O 
and  corresponds  to  the  0-15"  region  on  the  curve;  the  second  has  the  composition  2C9H7N  •  H2SO4  •  7H2O  and 
corresponds  to  the  15-20°  region.  The  isolated  crystalline  hydrates  of  quinoline  acid  sulfate  are  unstable, 
easily  fusible  compounds  which  decompose  in  air.  This  instability  confirms  that  these  hydrates  cannot  be 
formed  by  decomposition  of  such  a  fairly  stable  compound  as  the  alcohol  hydrate  3C2H5OH  •  H2O,  and  therefore 
formation  of  the  crystalline  hydrates  of  the  acid  sulfates  of  quinoline  and  isoquinoline  can  occur  only  with  the 
excess  water  which  remains  after  formation  of  the  above  alcohol  hydrate. 

SUMMARY 

1.  It  has  been  shown  in  a  study  of  the  solubilities  of  the  acid  sulfates  of  quinoline  and  isoquinoline  in 
ethyl  alcohol  of  75  to  95%  concentration  over  the  temperature  range  from  0  to  50"  that  in  the  region  of  85% 
alcohol  concentration  crystalline  hydrates  of  these  sulfates  are  formed,  causing  breaks  to  appear  on  the  solubility 
isotherms. 

2.  The  crystalline  hydrates  of  quinoline  acid  sulfate,  with  the  composition  C9H7N  •  H2SO4  •  4H2O,  formed 
in  the  temperature  range  0  to  15",  and  2C9H7N  •  H2SO4  •  7H2O,  formed  in  the  temperature  range  15-20°,  have 
been  isolated  and  identified. 

3.  The  solubility  of  quinoline  acid  sulfate  in  ethyl  alcohol  is  2-3  times  as  high  as  that  of  isoquinoline 
acid  sulfate.  This  difference  in  the  properties  of  quinoline  and  isoquinoline  acid  sulfates  may  be  used  for  their 
separation. 
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BIOLOGICAL  STABILITY  OF  LOW  -  S  UBS  TI  TUTED  CELLULOSE  ETHERS* 


G.  A.  Pe tropa vlovsky 


Low-substituted  cellulose  ethers,  including  methylcellulose,  are  widely  used  in  several  branches  of  industry: 
in  the  paper  industry  as  adhesives,  in  the  textile  industry  for  fabric  finishing,  in  the  pharmaceutical  industry  as 
suspending  and  emulsifying  agents,  etc.  [1].  It  has  been  shown  [2]  that  these  cellulose  ethers  have  high  reactivity, 
hydrophilic  properties,  swelling,  and  hydrolyzabllity.  In  this  connection  it  was  desirable  to  study  the  biological 
stability  of  low-substituted  methylcellulose  fibers,  as  this  might  represent  a  certain  useful  practical  characteristic 
of  the  material.  As  Imshenetsky  [3]  states,  studies  of  the  structure  of  celluloses  of  different  origins,  and  of 
cellulose  derivatives,  especially  its  ethers,  and  their  resistance  to  the  action  of  microorganisms,  may  make  it 
possible  to  use  the  results  for  modifying  the  properties  of  cellulose  and  for  conferring  to  it  a  greater  resistance  to 
microbial  action  by  means  of  various  treatments. 

This  paper  contains  the  results  of  certain  experiments  to  determine  the  biological  resistance  of  fibrous 
low-substituted  cellulose  ethers  —  methylcellulose,  ethylcellulose,  and  hydroxyethylcellulose  with  different 
lyophilic  properties. 


EXPERIMENTAL 

The  methyl-, ethyl-,  and  hydroxyethylcellulose  used  in  these  experiments  were  prepared  by  the  action  of 
either  the  corresponding  alkyl  halides  (C2H5I,  CH3I)  or  ethylene  oxide  on  filter  paper  in  presence  of  alkali.  The 
filter  paper  was  first  treated  with  18*70  NaOH  solution  for  one  hour  and  then  pressed  to  4-fold  weight.  The  ether¬ 
ification  was  performed  in  vapors  of  the  reagents  at  50°  in  firmly  closed  jars.  At  the  end  of  the  reaction  (the 
duration  of  which  was  determined  by  the  required  degree  of  etherification)  the  product,  which  retained  its 
fibrous  form,  was  washed  with  weak  acetic  acid  and.  then  with  large  amounts  of  hot  distilled  water;  it  was  then 
dried  at  20-25°  to  an  air-dry  state. 

The  biological  resistance  of  the  low-substituted  products  (of  different  degrees  of  etherification)  was  studied 
by  means  of  their  aerobic  decomposition  by  a  culture  of  Cytophaga.  This  aerobic  cellulose-destroying  culture 
was  obtained  from  the  museum  of  the  Institute  of  Agricultural  Microbiology,  and  was  a  cumulative,  enriched 
culture.  It  was  cultivated  in  our  experiments  on  the  solid  nutrient  media  proposed  by  Vinogradsky  [4],  consisting 
of  plates  of  silicic  acid  gel  covered  with  filter  moistened  with  liquid  nutrient. 

A  round  piece  of  filter  paper  was  placed  on  top  of  the  silicic  acid  gel  plate  and  moistened  with  3-4  ml 
of  the  liquid  medium.  The  dishes  containing  the  gel  and  paper  were  slightly  dried  at  30-40°  so  that  the  paper 
surface  was  not  too  wet.  The  original  Cytophaga  culture  was  grown  in  test  tubes  containing  strips  of  filter  paper, 
and  Vinogradsky's  liquid  medium.  Cultures  from  these  tubes  were  seeded  onto  the  solid  media  prepared  as 
described  above. 

The  destructive  action  of  Cytophaga  on  the  cellulose  preparations  was  studied  under  microscopical  control. 
As  the  presence  of  .bacterial  cells  on  the  fiber  surfaces  is  difficult  to  detect  in  unstained  preparations,  the  pre¬ 
parations  were  fixed  and  stained.  A  small  quantity  of  the  destroyed  cellulose  fibers  was  introduced  into  a  drop  of 
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water  on  a  covet  glass.  The  fibers  were  thoroughly  broken  up  by  means  of  needles  and  distributed  evenly  over 
the  glass.  The  preparations  were  then  dried  at  35-40"  and  fixed  with  alcohol.  Vinogradsky's  method  was  used 
for  staining*  1)  staining  with  carbolic  erythrosine  (1  g  erythroslne,  5  g  phenol,  100  ml  water);  2)  subsequent 
staining  with  gentian  violet  (aqueous  solution).  The  stained  preparation  was  washed  with  water  and  dried. 

Determination  of  the  stability  of  low-substituted  methyl-,  ethyl-,  and  hydroxyethylcellulose.  Approxl- 
mately  equal  amounts  of  culture  were  placed  on  the  prepared  solid  nuiiient  media  with  weakly  etherlfled  filter 
paper.  Cultures  were  also  sown  in  parallel  on  media  containing  unchanged  filter  paper.  The  Petri  dishes  were 
then  placed  in  a  thermostat  and  kept  there  for  a  definite  time  at  26*.  The  Petri  dishes  with  the  cultures  were 
contained  In  a  moist  atmosphere  (a  desiccator  with  water  on  the  bottom)  to  prevent  cracking  of  the  gel. 

Table  1  gives  the  results  of  these  experiments,  showing  the  influence  of  the  alkoxyl  group  content  and 
nature  of  the  material  on  the  growth  of  cellulose  myxobacteria.  As  the  data  In  Table  1  show,  normal  growth  ’ 
of  Cytophaga  on  media  containing  low-substituted  methyl-,  ethyl-,  and  hydroxyethylcellulose  occurs  only  if 
the  degree  of  etherification  is  very  low.  No  bacterial  growth  was  observed  at  6-7%  methoxyl  or  ethoxyl  group 
content.  The  media  containing  low-substituted  hydroxyethylcellulose  sustained  slow  growth  of  the  culture 
over  the  whole  range  of  hydroxyethyl  group  contents  studied. 

TABLE  1 

Growth  of  Cytophaga  on  Media  Containing  Low-Substituted  cel¬ 
lulose  Ethers 


Material 


Methylcellulose 


Ethylcellulose 


Contents 
of  sub¬ 
stituent 
groups(%) 


Results 


Hydroxyethylcellulose 


8.1 

6.51 

6.6 

0.92 

0.72 

7.4 

2.0 

1.7 

1.46 

1.22 

0.88 

4.07 

3.77 

2.95 

0.84 

2.3 


No  growth 
No  growth 

Very  weak  development 
Good  growth 
Good  growth 

No  growth 
Slow  growth 
Good  growth 
Good  growth 
Good  growth 
Good  growth 

Slow  growth 
Slow  growth 
Slow  growth 
Slow  growth 
Slow  growth 


Untreated  filter  paper,  and  also  filter  paper  mercerized  with  18%  NaOH  solution  and  then  washed  with 
water,  was  used  for  the  controls.  Good  growth  of  the  culture  was  observed  on  all  the  control  samples. 

For  quantitative  determinations  of  the  amount  of  cellulose  decomposed,  experiments  were  carried  out  in . 
which  the  weights  (before  and  after  the  experiments)  of  the  original  filter  paper  and  of  the  low -substituted 
ethers  obtained  from  it  were  found.  In  these  experiments  a  large  amount  of  the  culture  was  spread  over  the 
surface  of  the  cellulosic  material  by  means  of  a  glass  spatula.  The  absolutely  dry  weight  of  the  material  was 
first  determined.  After  various  intervals  in  a  thermostat  at  26",  the  remaining  undestroyed  cellulose  was  re¬ 
moved  from  the  gel  surface  and  transferred  to  a  previously  dried  and  weighed  No.  1  glass  filter.  The  surface 
of  the  gel  was  rinsed  with  boiling  1%  soda  solution  to  remove  any  individual  cellulose  fibers  adhering  to  the 
surface.  The  wash  waters  were  passed  through  the  filter.  The  cellulose  residue  on  the  filter  was  first  washed 
with  1%  boiling  soda  solution  to  remove  the  yellow  slime  which  is  produced  in  large  amounts  during  growth  of 
Cytophaga.  The  residue  was  then  washed  with  a  dilute  solution  of  hydrochloric  acid  and  finally  with  hot  dis¬ 
tilled  water.-  The  filter  with  the  residual  undecomposed  cellulose  was  dried  at  105*  to  constant  weight. 


TABLE  2 

Activity  of  Cytophaga  Toward  Low -Substituted  Methyl-  and  Ethylcellulose 


Material 

Alkoxyl 
group  con¬ 
tent  (in  %) 

Amount  of 
substance 
decomposed 
(as  %  of  ori¬ 
ginal  absdut 
y  dry  sample' 

Material 

Alkoxyl 
group  con' 
tent(in  %) 

Amount  of 
substance 
decomposed 
(as  %  of  ori¬ 
ginal  absolute 
ly  dry  sample) 

Ethylcellulose 

1.11 

.50 

Filter  paper  (con- 

Filter  paper  (con- 

trol) 

70 

trol) 

— 

57 

Ethylcellulose 

1.40 

RB 

Methylcellulose 

2.00 

23 

Filter  paper  (con- 

Filter  paper  (con- 

trol) 

69 

trol) 

— 

02 

Ethylcellulose 

3.20 

18 

Ethylcellulose 

1.20 

23 

Filter  paper  (con- 

Filter  paper  (con- 

trol) 

— 

60 

trol) 

— 

23 

Methylcellulose 

0.73 

42 

Methylcellulose 

2.20 

hi 

Filter  paper  (con- 

trol) 

— 

38 

The  results  of  these  experiments  are  given  in  Table  2.  It  follows  from  the  data  in  Table  2  that  the  ac¬ 
tivity  of  Cytophaga  toward  low-substituted  ethyl-  and  methylcellulose  is  slight  if  the  alkoxyl  content  reaches 
2.9-3%,  At  lower  degrees  of  etherification  the  activity  of  the  culture  is  the  same  as  toward  filter  paper. 

Thus  it  may  be  concluded  from  the  data  in  Tables  1  and  2  that  low-substituted  methyl-  and  ethylcellu¬ 
lose  are  fairly  stable  to  the  action  of  aerobic  cellulose -destroying  bacteria  (Cytophaga). 

The  higher  resistance  of  the  low -substituted  ethers  as  compared  with  unchanged  cellulose  may  be  ex¬ 
plained  as  follows.  Until  recently  the  decomposition  of  cellulose  has  been  regarded  as  an  oxidative  process. 

The  slime  produced  in  large  amounts  during  the  growth  of  myxobacteria  was  considered  to  be  the  product 
of  this  oxidative  process,  oxycellulose. 

Supporters  of  the  oxidation  theory  (Vinogradsky  [4],  Loitsyanskaya  [5],  Boswell  [6],  and  others)  based  their 
views  mainly  on  the  fact  that  the  slime  has  acid  properties;  partially  destroyed  cellulose  is  readily  stained  by 
basic  bu,t  not  by  acid  dyes.  No  reducing  substances  were  found  in  the  decomposition  products  of  cellulose,  while 
the  hydrolysis  product  of  cellulose,  glucose,  has  a  toxic  action  on  a  number  of  myxobacteria.  However,  there 
were  many  theoretical  objections  to  the  oxidation  theory,  and  recently,  owing  to  Imshenetsky*  s  detailed  ex¬ 
perimental  data,  it  can  hardly  be  regarded  as  valid,  A  detailed  criticism  of  the  oxidation  theory  is  contained 
in  Imshenetsky’s  monograph  [3]. 

Imshenetsky's  investigations  [3]  showed  that  the  destruction  of  cellulose  is  actually  a  hydrolytic  process. 
Cellulose  hydrolysis  occurs  under  the  action  of  enzymes  -  cellulase  and  cellobiase.  The  presence  of  the  glucoee 
in  the  culture  liquid  can  be  demonstrated  if  conditions  preventing  the  consumption  of  the  hydrolysis  products  of 
cellulose  are  established.  In  Imshenetsky's  experiments  this  was  achieved  by  the  use  of  partially  anaerobic  con¬ 
ditions  in  cultivation  of  aerobic  bacteria. 

Under  normal  conditions  the  hydrolysis  products  of  cellulose  are  rapidly  oxidized  to  CO2  and  water. 

Thus,  by  die  hydrolytic  theory  of  the  decomposition  of  cellulose  by  myxobacteria,  low-substituted  cellu¬ 
lose  ethers,  owing  to  their  lower  molecular  packing  density,  should  be  attacked  considerably  more  rapidly  than 
unchanged  cellulose.  However,  enzymatic  hydrolysis  has  certain  peculiarities.  Microscopical  observations  show 
that  decomposition  of  cellulose  occurs  as  the  result  of  close  contact  between  the  bacteria  and  the  fibers.  The 
myxobacterlal  cells  are  present  on  the  fiber  surfaces  only,  their  numbers  increase  during  growth,  and  they 
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decompose  the  fiber  layer  by  layer,  penetrating  deeper  and  deeper  into  it.  Hayny,  Gardner,  and  Ritter  [7] 
studied  the  viscosity  and  a-cellulose  contents  at  various  stages  of  fermentation  and  showed  that  the  decompo¬ 
sition  of  cellulose  proceeds  by  a  gradual  shortening  of  the  cellulose  chains,  and  not  by  random  decomposition. 
Imshenetsky's  investigations  also  showed  that  filtrates  from  cellulose  bacteria  cultures  never  caused  hydrolysis 
of  cellulose.  In  his  opinion,  therefore,  the  most  probable  explanation  is  that  cellulase  is  in  an  adsorbed  state 
on  the  bacterial  cell  surface,  and  can  react  only  in  the  event  of  direct  contact  between  the  bacterial  cell  and 
the  fiber.  It  is  also  evident  that  no  appreciable  amounts  of  cellulase  are  liberated  into  the  surrounding  medium. 

Thus,  while  in  acid  hydrolysis  the  fine  structure  of  the  fibers  is  very  significant,  as  the  catalyst  may 
penetrate  into  regions  with  weakened  or  disrupted  intermolecular  bonds,  in  enzymatic  hydrolysis  under  the  ac¬ 
tion  of  bacteria  the  catalyst  is  localized  on  the  fiber  surface  only. 

It  follows  that  in  bacterial  decomposition  the  fine  structure  of  cellulose  should  not  have  a  decisive  in¬ 
fluence. 

Despite  the  fact  that  introduction  of  a  small  number  of  bulky  radicals  into  cellulose  loosens  its  molecular 
packing,  the  activity  of  the  cellulose- destroying  bacteria  diminishes.  It  is  possible  that  the  methyl-  and  ethyl- 
glucose  formed  by  hydrolysis  disturb  the  function  of  the  enzyme  system  of  the  bacteria,  and  in  consequence 
subsequent  oxidation  of  these  products  does  not  take  place.  In  fact,  we  showed  that  an  increase  of  the  number 
of  substituent  radicals  in  cellulose  produces  a  progressive  decrease  of  the  growth  of  cellulose-destroying  bac¬ 
teria  on  media  containing  these  substances.  This  is  also  confirmed  by  the  fact  that  commercial  water-soluble 
metliylcellulose  (containing  26-28*70  OCH3)  is  not  attacked  by  bacteria  or  fungi  [8]. 

SUMMARY 

It  was  shown  in  a  study  of  the  biological  stability  of  low -substituted  methyl-  and  ethylcelluloses  tliat  at 
alkyl  group  contents  above  3%  they  are  fairly  resistant  to  the  action  of  cellulose- destroying  bacteria. 
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MECHANISM  OF  THE  REACTIONS  WHICH  OCCUR  BETWEEN  CYANURIC 

AND  AMMONIA 

S,  N,  Kazarnovsky  and  N.  I.  Malkina* 

The  modern  methods  for  melamine  production  are  based  on  dicyanodiamide.  It  would  be  more  rational 
from  an  economic  standpxjlnt  to  convert  melamine  production  from  the  use  of  cyanamide  nitrogen  to  the  use  of 
.ammonia  nitrogen.  The  greatest  interest  in  this  respect  attaches  to  urea,  which  is  very  readily  available  and 
is  obtained  from  ammonia  and  carbon  dioxide.  Of  interest  in  this  connection  is  the  study  of  the  heat  treatment 
of  dry  urea  under  pressure  developing  as  the  result  of  reactions  leading  to  formation  of  triazines. 

Little  information  on  this  question  is  available  in  the  literature.  It  was  shown  by  Wohler  [1],  Wiedemann 
[2],  Werner  [3],  and  others  that  when  urea  is  heated  under  atmospheric  pressure  it  may  be  converted  into  ammo¬ 
nium  cyanate,  cyanic  acid,  ammonia,  cyanuric  acid,  biuret,  ammelide,  and  other  substances. 

It  has  been  reported  [4]  that  when  aqueous  solutions  of  urea  are  heated  to  100“  under  atmospheric  pressure 
it  is  very  easily  isomerized  into  ammonium  cyanate,  with  subsequent  conversion  into  ammonium  carbamate 
and  carbonate,  and  then  into  ammonia  and  carbon  dioxide. 

According  to  Walker  and  Wood  [5],  solid  urea  is  not  appreciably  converted  into  ammonium  cyanate  even 
on  prolonged  heating  at  110°,  Conversely,  solid  ammonium  cyanate  readily  passes  into  urea  even  on  slight 
heating. 

It  was  found  in  an  investigation  in  our  laboratory  [6]  that  up  to  SS^oof  melamine  can  be  obtained  by  heat 
treatment  of  urea  under  the  pressure  developing  as  the  result  of  the  reactions.  The  view  was  advanced  that  tlie 
synthesis  of  melamine  can  be  regarded  as  a  process  consisting  of  two  stages:  1)  formation  of  cyanuric  acid,  and 
2)  amination  of  cyanuric  acid. 

The  author  established  that  cyanuric  acid  is  aminated  by  ammonia  at  temperatures  above  200“.  The 
amination  is  accompanied  by  destruction  of  the  triazine  ring.  The  decomposition  products  were  given  the 
common  description  of  "volatiles’*  and  "water-soluble  substances"  (not  based  on  the  triazine  ring).  In  addition, 
the  author  suggested  that  hydroxyamino  derivatives  of  triazine  were  formed  as  intermediate  products  during 
amination;  these  were  determined  jointly  and  classified  as  "substances  Insoluble  In  water.”  The  composition 
of  all  these  substances  was  not  studied  owing  to  lack  of  a  method  for  their  separate  determination. 

It  Is  not  possible  to  establish  from  literature  data  the  mechanism  of  the  reactions  taking  place  In  the  heat 
treatment  of  urea. 

In  the  present  investigation  a  study  was  made  of  the  mechanism  of  the  reactions  taking  place  in  amina-- 
tion,  by  ammonia,  of  cyanuric  acid,  which  is  one  of  the  intermediate  products  in  the  formation  of  melamine 
from  urea. 

EXPERIMENTAL 

The  experiments  on  the  interaction  of  cyanuric  acid  with  ammonia  were  performed  in  specially  designed 
high  pressure  apparatus  calculated  to  operate  at  800  atm.  and  at  temperatures  up  to  500“.  The  autoclaves  were 

•  A.  V.  Krashnukhina  took  part  in  the  work. 
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cylindrical  vessels  13  ml  in  capacity,  made  from  special  steel.  The  required  temperature  conditions  were 
maintained  by  means  of  a  salt  thermostat. 

The  experimental  procedure  was  as  follows.  Cyanuric  acid  and  liquid  ammonia  were  put  into  the  auto¬ 
clave  tubes,  which  were  then  quickly  closed  and  weighed.  The  autoclaves  were  put  into  a  thermostat  main¬ 
tained  at  the  required  temperature,  removed  at  intervals,  and  weighed  as  a  check  for  gas  tightness  during  the 
reaction.  The  tubes  were  then  opened  and  the  products  analyzed. 

The  analysis  was  carried  out  as  follows.  0.5-1  g  of  the  product  was  dissolved  in  water  at  90°,  and  the 
solution  was  filtered  after  10-12  hours.  The  residue  ("B")  was  weighed.  Urea,  carbonates,  melamine,  and 
cyanuric  acid  were  determined  in  the  filtrate  ("A"),  Urea  was  determined  by  Marshall's  urease  method  [7], 
and  carbonates  by  the  volumetric  gas  method  [8]. 


A 


B 

Fig.  1.  Variations  of  the  contents  of 
cyanuric  acid  (I),  urea  (II),  ammeline 
(III),  ammelide  (IV),  and  carbonates 
(V)  in  the  reaction  product  of  cyanuric 
acid  and  ammonia  at  250°,  with  the 
duration  of  heating. 

A)  Composition  of  product  (in  <^c),  B) 
duration  of  heating  (minutes). 

The  contents  of  melamine  and  cyanuric  acid  [9],  ammeline,  ammelide,  and  melamine  cyanurate  [10] 
were  determined  by  methods  developed  in  our  laboratory.  The  method  for  determining  melamine  and  cyanuric 
acid  was  as  follows;  to  50  ml  of  solution  ("A")  100  ml  of  cyanuric  acid  solution  (1.5  g  of  cyanuric  acid  per 
1000  ml  of  water)  was  added.  If  the  solution  contained  cyanuric  acid,  100  ml  of  melamine  solution  (2  g  of 
melamine  per  1000  ml  of  water)  was  added.  In  either  case  melamine  cyanurate  was  precipitated;  this  was 
filtered  off  after  2  hours,  washed  with  dilute  cyanuric  acid  solution,  dried,  and  weighed.  The  composition  of 
the  dried  precipitate  corresponds  to  the  formula  CsHgNe  •  C3H83NO3.  Ammeline,  ammelide,  and  melamine 
cyanurate  were  determined  as  follows.  The  residue  ("B")  was  washed  off  the  filter  into  a  beaker  with  50  ml  of 
0.1  N  caustic  soda  solution  and  dissolved  on  warming  to  50-60°.  50  ml  of  0.4  N  baryta  solution  was  added  to 

the  the  resultant  solution.  The  precipitated  barium  cyanurate  was  filtered  off  after  20-30  minutes  and  rejected. 
The  filtrate,  containing  ammeline,  ammelide,  and  melamine  (from  melamine  cyanurate)  was  neutralized  with 
0.5  N  hydrochloric  acid  solution.  The  precipitate,  consisting  of  ammeline  and  ammelide,  was  filtered  off, 
washed  with  water,  dried,  weighed,  and  dissolved  in  50  ml  of  0,1  N  caustic  soda  solution.  To  an  aliquot  portion 


Fig,  2.  Variations  of  the  contents  of 
melamine  (I),  urea  (II),  ammeline 
(III),  ammelide  (IV),  melamine  cya¬ 
nurate  (V),  and  carbonates  (VI)  in  the 
reaction  product  of  cyanuric  acid 
and  ammonia  at  300°,  with  the  dura¬ 
tion  of  heating. 

A)  Composition  of  product  (in  <7o),  B) 
duration  of  heating  (minutes). 


of  the  solution  50  ml  of  saturated  picric  acid  solution  and 
5  ml  of  60<7o  acetic  acid  solution  were  added.  The  pre¬ 
cipitate,  consisting  of  ammellde  and  ammeline  picrate, 
was  filtered  off  after  24  hours,  washed  with  water,  and 
dissolved  on  the  filter  in  2%  caustic  soda  solution.  The 
solution  was  examined  colorimetrlcally  in  a  photometer 
with  a  blue  filter.  The  amount  of  picric  acid  was  found 
from  a  calibration  curve,  and  recalculated  as  ammeline. 
The  ammelide  content  was  found  by  difference.  The 
melamine  remaining  after  precipitation  of  ammelide  and 
ammeline  was  determined  by  the  cyanurate  method.  The 
original  melamine  cyanurate  content  was  found  from  the 
amount  of  melamine  cyanurate  precipitated. 

Kinetic  studies  of  the  reactions  between  cyanuric 
acid  and  ammonia  were  carried  out  at  250,  300,  and  350*. 
The  reaction  times  were  15,  30,  60,  120,  and  180  minutes. 
In  all  the  experiments  ammonia  was  added  in  1 : 2  excess 
of  the  stoichiometric  ratio,  and  3  g  of  cyanuric  acid  was 
taken.  The  results  are  shown  graphically  in  Figs.  1,  2, 
and  3. 

DISCUSSION  OF  RESULTS 

As  Fig.  1  shows,  when  cyanuric  acid  reacts  with 
ammonia  at  250*  the  cyanuric  acid  content  of  the  product 
falls  sharply  owing  to  formation  of  urea,  the  content  of 
which  reaches  69%  after  one  hour.  On  further  heating  the 
cyanuric  acid  content  of  the  product  falls  to  zero,  with 
some  decrease  in  the  amount  of  urea  owing  to  formation 
of  ammeline  and  ammelide. 

If  the  temperature  is  increasedto  300®  (Fig.  2),  formation  of  urea  is  accompanied  by  considerable  forma¬ 
tion  of  hydroxyamino  derivatives  of  triazine  and  melamine.  After  reaching  a  maximum,  the  amounts  of  ammel 
ine,  ammelide,  and  melamine  cyanurate  decrease;  the  maximum  contents  of  triazines  correspond  to  minimum 
urea  content.  With  increasing  reaction  time  the  contents  of  hydroxyamino  derivatives  fall  to  zero,  while  the 
contents  of  melamine  and  urea  increase. 

At  350°  (Fig.  3)  the  rate  of  the  reactions  leading  to  melamine  formation  increases  considerably.  No  am¬ 
meline  or  ammelide  are  found  in  the  reaction  products  after  half  an  hour.  The  amount  of  melamine  increases 
with  time,  reaches  a  maximum  (48%)  and  then  decreases  somewhat.  Simultaneously  with  this  the  urea  content 
Increases. 

The  graphs  show  that  the  interaction  between  cyanuric  acid  and  ammonia  in  the  temperature  range  250- 
350*  comprises  a  number  of  parallel  and  consecutive  reactions.  These  reactions  are  accompanied  by  a  decrease 
of  Ihe  cyanuric  acid  content  and  by  formation  of  urea,  hydroxyamino  derivatives  of  triazine,  melamine,  and 
carbonates. 

The  observed  decrease  in  the  amount  of  the  original  cyanuric  acid  may  be  attributed  to  the  following  re¬ 
actions:  a)  depolymerization  of  cyanuric  to  cyanic  acid,  with  subsequent  formation  of  ammonium  cyanate  and 
its  isomerization  to  urea;  b)  direct  aminatlon  of  the  remaining  cyanuric  acid  by  ammonia,  with  formation  of 
hydroxyamino  derivatives  of  triazine  and  melamine;  c)  decomposition  of  cyanuric  acid  and  its  conversion 
products  to  give  carbonates. 

It  was  found  that  the  depolymerization  products  of  cyanuric  acid,  formerly  described  as  "water-soluble 
substances"  (not  based  on  the  triazine  ring)  consist  of  urea. 


A 


Fig.  3.  Variations  of  the  contents 
of  melamine  (I),  urea  (II),  ammel¬ 
ine  (III),  ammelide  (IV),  melamine 
cyanurate  (V),  and  carbonates  (VI) 
in  the  reaction  product  of  cyanuric 
acid  and  ammonia  at  350*',  with 
the  duration  of  heating. 

A)  Composition  of  product  (in  %), 

B)  duration  of  heating  (minutes). 
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The  amlnation  products  of  cyaiiuric  acid,  formerly  classified  as  "substances  insoluble  in  water,"  are  am- 
melide,  amraeline,  and  melamine  cyanurate.  The  decomposition  products  of  cyanuric  acid  or  "volatile  sub¬ 
stances"  are  carbonates  (the  nature  of  the  carbonates  was  not  determined  by  us).  Melamine  formation  proceeds 
by  way  of  the  formation  of  ammelide,  ammeline,  and  melamine  cyanurate  by  a  number  of  parallel  and  consec¬ 
utive  reactions.  At  higher  temperatures  the  reactions  leading  to  formation  of  hydroxyamino  derivatives  of  tri- 
azine  and  melamine  proceed  at  a  higher  rate  than  the  depolymerization  of  cyanuric  acid  to  urea. 

It  must  be  pointed  out  that  the  formation  of  triazlne  derivatives  is  accompanied  by  their  decomposition 
to  urea,  indicating  the  reversibility  of  this  process. 

SUMMARY 

1.  In  a  study  of  the  kinetics  of  the  reactions  occurring  between  cyanuric  acid  and  ammonia  over  the 
250-350“  temperature  range  it  was  shown  that  they  involve  amination  and  depolymerization  processes  and  partial 
breakdown  of  the  triazlne  ring. 

2.  The  products  of  amlnation  of  cyanuric  acid  by  ammonia  are  hydroxyamino  derivatives  of  triazlne  and 
melamine,  the  depolymerization  product  is  urea,  and  the  products  of  triazlne  ring  breakdown  are  carbonates, 

3.  Melamine  is  formed  by  way  of  ammelide,  ammeline,  and  melamine  cyanurate  as  the  result  of  a  number 
of  parallel  and  consecutive  reactions. 

4.  Formation  of  the  hydroxyamino  derivatives  of  triazlne  and  melamine  is  a  reversible  process. 

5.  With  increase  of  temperature  the  rate  of  triazlne  formation  becomes  higher  than  the  rate  of  depolymer¬ 
ization  of  cyanuric  acid  to  urea. 
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KINETIC  RELATIONSHIPS  IN  THE  OXIDATION  OF  LIQUID 
PARAFFINIC  HYDROCARBONS 


V.  K.  Tsyskovsky,  E.  M.  Nebylova,  and  Ts.  N.  Shcheglova 


The  literature  sources  dealing  with  liquid-phase  oxidation  of  paraffins  contain  no  data  on  the  kinetic  rela¬ 
tionships  in  the  oxidation  of  liquid  paraffinic  hydrocarbons.  Since  such  hydrocarbons  will  be  used  In  the  near 
future  as  raw  materials  for  the  synthesis  of  various  oxygen-containing  substances,  it  is  necessary  to  study  the 
principal  factors  which  determine  the  direction  of  the  oxidation  reaction  and  its  final  result. 

While  the  mechanism  of  the  oxidation  of  alkanes  depends  mainly  on  their  structure  and  less  on  molecular 
size,  the  kinetics  of  the  liquid-phase  oxidation  of  these  hydrocarbons  is  determined  to  a  considerable  extent  by 
the  chain  length.  The  longer  the  paraffin  hydrocarbon  chain,  the  greater  is  the  oxidation  rate. 

Oxidation  of  solid  paraffin  hydrocarbons  of  high  molecular  weight  is  mainly  effected  in  the  liquid  phase. 
The  same  applies  to  the  oxidation  of  liquid  paraffin  hydrocarbons,  but  at  fairly  low  temperatures.  More  of  the 
high  molecular  than  of  the  low  molecular  hydrocarbons  in  the  mixture  are  oxidized.  However,  this  ceases  to  be 
true  at  high  concentrations  of  low  molecular  paraffins  in  the  mixture,  and  at  higher  oxidation  temperatures. 

In  such  cases  hydrocarbons  with  shorter  chains  may  also  be  oxidized  in  the  vapor  state.  An  anomaly  may 
follow,  with  an  Increase  of  the  rate  of  oxidation  of  hydrocarbons  with  decreasing  molecular  weight  [1],  This  is 
primarily  explained  by  the  fact  that  when  the  hydrocarbons  pass  into  the  vapor  state  their  contact  with  the 
molecules  of  atmospheric  oxygen  is  much  improved.  Because  of  this,  such  factors  in  the  oxidation  reaction  as 
the  temperature  and  duration  may  have  somewhat  different  effects  than  they  do  when  all  the  hydrocarbon 
material  is  in  the  liquid  phase  during  oxidation. 

The  unequal  oxidation  rates  of  hydrocarbons  of  different  molecular  weight  present  in  a  liquid  hydrocarbon 
mixture  have  a  considerable  influence  both  on  the  yield  and  on  the  quality  of  the  reaction  products.  The 
lightest  and,  in  the  experimental  conditions  the  most  reactive,  part  of  the  hydrocarbons  will  be  converted  into 
a  definite  final  oxidation  product,  while  the  rest  will  remain  unchanged.  If  the  oxidation  of  such  a  hydrocarbon 
mixture  is  stopped  at  a  definite  stage,  then  owing  to  the  higher  rate  of  peroxidation  of  the  most  easily  oxidized 
hydrocarbon  the  acids  will  invariably  contain  products  of  peroxidation. 

The  conversion  of  the  lightest  paraffin  hydrocarbons  into  peroxidation  products  during  liquid  phase  oxida¬ 
tion  must  be  regarded  as  an  adverse  effect,  leading  to  a  decreased  yield  of  higher  fatty  acids. 

The  fatty  acids  obtained  by  oxidation  of  liquid  hydrocarbon  mixtures  with  average  molecular  size  from 
Cj4  to  Ci6  contained  considerable  amounts  of  lower  acids,  hydroxy  acids,  lactides,  and  estolides  and  were  there¬ 
fore  not  valuable  technically.  For  this  reason  mixtures  of  solid  paraffins  consisting  mainly  of  alkanes  between 
Cji  and  C35  have  been  used  for  a  number  of  years  for  fatty  acid  synthesis. 

Our  earlier  investigations  [2]  showed  that  if  the  fatty  acids  are  removed  rapidly  and  continuously  from  the 
oxidation  zone,  formation  of  their  peroxidation  products  can  largely  be  avoided.  The  selective  oxidizability  of 
the  most  reactive  hydrocarbons  then  practically  ceases  to  influence  the  final  result  of  the  reaction. 

In  fact,  experiments  on  the  liquid  phase  oxidation  of  dodecane  (partially  in  the  vapor  state)  without  pro¬ 
tection  of  the  fatty  acids  formed  during  the  stepwise  conversion  of  dodecane  hydroperoxide  against  subsequent 
peroxidation  showed  that  the  whole  complex  range  of  fatty  acids  from  formic  upward  is  formed  [3],  In  theory. 
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however,  [4]  at  the  first  stage  of  the  reaction  of  dodecane  oxidation,  irrespective  of  its  state  of  aggregation, 
only  formic  and  undecyllc  acids  should  be  formed: 


GH3-GH2-(CH2)8-CH3  GH3-GH-p(GH2)9-CH, 


O-OH 


./O 

HG<^^^  +  GH3-(GH2)o— GH2OH  ->  HGOOH  4- GH3-(GH2)9— GOH 


oil _ tru 


In  fact,  if  these  acids  are  rapidly  removed  from  the  reaction  zone  a  multicomponent  mixture  of  acids  is  no 
longer  formed.  It  is  known  that  the  rate  of  the  oxidation  reaction  at  its  Initial  stage  directly  depends  on  the 
temperature. 


However,  if  the  course  of  the  oxidation  reaction  is  prolonged,  increase  of  temperature  Inevitably  also 
Intensifies  the  processes  of  peroxidation  of  die  fatty  acids  formed.  At  low  temperatures  the  conversion  of  hydro¬ 
carbons  into  higher  fatty  acids  is  slower  than  at  high  temperatures,  and  the  formation  of  peroxidation  products  — 
—  lower  fatty  acids,  hydroxy  acids,  and  their  esters  occurs  with  much  more  difficulty.  This  is  in  full  agreement 
with  the  theory  of  reaction  rates  and  their  relation  to  the  rates  of  conversion  of  the  products  of  one  stage  of  a 
reaction  into  others  [5]. 


The  experimental  data  given  below  were  obtained  in  a  study  of  the  Influence  of  reaction  temperature  and 
the  time  the  fatty  acids  remained  in  the  oxidation  zone  on  their  yield  and  molecular  weight  (from  the  yield  of 
the  >CiQ  fatty  acid  fraction)  in  the  oxidation  of  a  raw  material  containing  a  considerable  proportion  of  short 
chain  paraffins.  An  IZhT  fraction  with  the  following  characteristics  was  used  for  the  oxidation:  boiling  range 
220-3ir,  average  molecular  weight  213.6,  average  empirical  formula  Ci5H32,  content  of  paraffins  of  normal 
structure  (determined  by  SbCls)  77.55  wt.  %  The  oxidation  was  effected  by  the  continuous  method  with  con¬ 
tinuous  removal  of  fatty  acids  [2]  in  presence  of  0. 03*^0  Mn  (as  the  naphthenate). 


The  acids  were  removed  at  various  rates  from  the  reaction  zone. 


Fig.  1.  Variation  of  the  yield  of  the 
required  apid  fraction  with  tempera¬ 
ture  and  time  in  the  oxidation  zone. 

A)  Yield  of  acid  fraction  >  Cjo  on 
the  raw  material  consumed  (in  wt.  %), 

B)  time  in  oxidation  zone  (min.). 
Temperature  (in  ’C):  1)  120,  2)  130, 
3)  140,  4)  150. 


Fig.  2.  Variation  of  the  time  spent 
by  the  fatty  acids  in  the  oxidation 
zone  with  the  reaction  temperature. 
A)  Temperature  (in  ’C),  B)  time  in 
oxidation  zone  (in  min.). 

Constant  yield  of  acid  fraction  >Ci9 
calculated  on  the  converted  raw 
material. 
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The  main  criterion  of  the  influence  of  the  above  factors  on  oxidation  was  the  yield  of  >Cio  acid  fraction, 
calculated  on  the  raw  material  consumed.  The  results  revealed  the  existence  of  a  kinetic  relationship  between 
the  yield  of  >Cio  acid  fraction,  the  oxidation  temperature,  and  the  time  of  contact  between  the  acid  reaction 
products  and  atmospheric  oxygen.  This  relationship  is  shown  graphically  in  Fig.  1,  The  degree  of  conversion 
of  a  mixture  of  paraffinic  hydrocarbons  into  higher  fatty  acid  was  found  to  Increase  with  increasing  speed  of 
removal  of  the  fatty  acids  from  the  reaction  zone.  The  time  factor  has  rriuch  less  effect  at  low  temperatures, 
as  is  shown  by  Fig.  1;  the  higher  fatty  acid  yield  calculated  on  the  raw  material  consumed  changes  little  over 
a  relatively  long  period  of  time.  With  increasing  reaction  temperature  the  influence  of  the  time  during  which 
the  fatty  acids  remain  in  the  reaction  zone  becomes  very  considerable. 

Thus,  at  120"  the  yield  of  higher  fatty  acids  >Cio  calculated  on  the  amount  of  raw  material  converted 
decreases  by  only  ll.S^o  when  the  time  in  the  oxidation  zone  is  changed  from  the  minimum  to  the  maximum 
value  (for  the  given  experiment),  while  at  150*  the  decrease  is  225%. 

For  each  temperature  there  is  apparently  an  optimum  time  for  the  fatty  acids  to  remain  in  the  oxidation 
zone,  at  which  a  definite  degree  of  conversion  into  higher  fatty  acids  is  obtained.  This  is  also  indicated  by  the 
kinetic  curve  given  in  Fig.  2. 

In  order  to  retain  unchanged  selectivity  of  oxidation  of  liquid  paraffins  into  higher  fatty  acids  (without 
•subsequent  peroxidation  at  higher  reaction  temperatures)  the  time  during  which  the  fatty  acids  remain  in  the 
oxidation  zone  must  be  sharply  reduced. 


Fig.  3.  Variation  of  hydroxy 
acid  concenuation  with  oxi¬ 
dation  conditions. 

A)  Content  of  hydroxy  acids 
insoluble  in  water  (in  wt.%), 

B)  reaction  temperature  (in 
*C). 

Time  during  which  the  acids 
remain  in  the  oxidation  zone 
(in  minutes);  1)  8.5,  2)  25. 
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Fig.  4.  Variation  of  the  contents 
of  >Cio  acids  in  the  mixture  of 
acids. 

A)  Content  of  >Cio  fatty  acid 
fraction  in  the  mixture  (in  wt.%), 

B)  time  in  the  oxidation  zone 
(in  minutes). 

Temperature  (in  *C);  1)  130,  2) 
140,  3)  150. 


The  yield  of  the  >Cio  fatty  acid  fraction  obtained  at  150"  with  the  acids  remaining  in  the  oxidation  zone 
for  8.5  minutes,  can  also  be  obtained  at  120",  but  the  time  required  is  35  minutes.  Increase  of  the  contact  time 
between  the  fatty  acids  formed  and  the  atmospheric  oxygen  decreases  the  yield  of  the  fatty  acid  mixture,  since 
a  part  is  consumed  in  the  peroxidation  process  for  formation  of  lower  carboxylic  acids,  hydroxy  acids,  and 
estolides,  considered  together  (Fig.  3).  The  variation  of  the  concentration  of  >Cio  fatty  acids  in  the  total  fatty 
acid  mixture  (from  Cj  upward)  with  increasing  reaction  temperature  and  increase  of  the  time  spent  in  the 
oxidizing  zone  is  shown  in  Fig.  4.  The  concentration  of  the  >  0^  acid  fraction  in  the  mixture  shows  a  particularly 


sharp  decrease  with  increasing  time  during  which  the  acids  remain  in  the  reaction  zone;  this  indicates  once  | 

again  that  consecutive  peroxidation  of  the  higher  fatty  acids  formed  takes  place  [6],  | 

Because  of  this  the  average  molecular  weight  of  the  fatty  acids  decreases.  Thus  it  is  shown  that  the  for-  | 

madon  of  fatty  acids  of  the  highest  molecular  weight  by  oxidation  of  liquid  paraffinic  hydrocarbons  directly  ? 

depends  on  the  reaction  temperature  and  the  time  during  which  the  acids  remain  in  the  oxidation  zone.  | 

SUMMARY 

1.  Fatty  acids  of  maximum  molecular  weight  are  formed  only  in  the  initial  stage  of  the  reaction  of  hydro¬ 
carbon  oxidation. 

2.  If  the  fatty  acids  are  removed  sufficiently  rapidly  from  the  oxidation  zone,  increase  of  the  reaction 
temperature  increase  the  rate  of  their  formation  but  has  little  effect  on  the  yield  of  the  required  fraction. 

3.  By  continuous  rapid  removal  of  the  acid  from  the  oxidation  zone  it  is  possible,  irrespective  of  the  re¬ 
action  temperature,  to  obtain,  from  liquid  paraffinic  hydrocarbons,  fatty  acids  similar  to  those  obtained 

by  prolonged  oxidation  of  solid  paraffins. 
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CONCERNING  THE  COMMENTS  OF  I.  N.  TSIPARIS  [1]  ON  THE  PAPER 


••BASIC  PRINCIPLES  OF  THE  CHOICE  OF  A  SOLVENT  FOR  THE  SEPARATION  OF 
AZEOTROPIC  SYSTEMS  BY  THE  EXTRACTIVE  DISTILLATION  METHOD^^ 

V.  V.  Kafarov  and  L.  A.  Gordlevsky 


Owing  to  the  lack  of  simple  and  reliable  methods  for  choosing  solvents  suitable  for  extractive  distillation, 
it  is  necessary  to  seek  such  methods. 

Our  proposed  methods  [2]  are  Intended  only  to  provide  a  guide  to  tlie  choice  of  solvents  for  separation  of 
azeotropic  systems;  these  methods  have  proved  to  be  fairly  satisfactory  when  verified  experimentally  [3,  4]. 

There  is  no  doubt  that,  in  the  future,  fairly  reliable  methods  for  the  choice  of  solvents  will  be  developed 
with  the  aid  of  thermodynamic  analysis  of  multicomponent  systems  and  of  special  physicochemical  investiga¬ 
tions.  However,  the  development  of  rectification  technology  insistently  demands  the  immediate  development 
of  methods  for  the  choice  of  solvents. 

Methods  based  on  polarity  and  other  properties  ment  ioned  in  Tsiparis's  comments  have  not  yet  been 
refined  and  have  not  provided  practical  workers  with  reliable  methods  for  the  choice  of  solvents. 

It  may  be  presumed  on  the  basis  of  available  experimental  data  that  the  methods  discussed  by  us  have  an 
adequate  basis,  since  they  depend  on  analysis  of  the  properties  of  the  solutions  formed.  As  regards  Tsiparis^s 
comments  on  our  proposed  methods,  at  best  they  are  based  on  a  misunderstanding. 

Let  us  examine  these  comments  briefly. 

The  statement  that  one  of  the  proposed  methods  is  already  known  and  has  been  used  by  Dicks  and  Carlson 
[5]  is  not  correct,  as  these  authors  did  not  develop  methods  for  the  choice  of  solvents,  and  themselves  refer  to 
the  work  of  Benedict  and  Rubin,  Moreover,  the  systems  used  by  Dicks  and  Carlson  had  been  separated  earlier 
by  others  by  means  of  the  same  solvents. 

On  the  question  of  the  choice  of  solvent,  Dicks  and  Carlson  merely  state:  "However,  it  is  felt  that  a 
general  statement  would  be  helpful  in  actual  selection  of  a  solvent  for  a  particular  system.  A  selective  solvent 
for  any  given  system  may  be  a  compound  formed  by  substitution  or  addition  of  a  polar  group  in  the  less  volatile 
of  the  compounds  in  the  system  under  consideration." 

One  of  the  systems  used  by  them  was  benzene-cyclohexane,  with  aniline  as  solvent.  Tsiparis  makes  an 
arbitrary  assumption:  aniline  is  a  derivative  of  benzene  and  hence  they  are  substances  of  related  classes;  there¬ 
fore,  since  we  used  chlorobenzene  for  separation  of  the  system  methyl  alcohol-benzene,  our  method  is  supposed 
to  be  a  repetition  of  the  Dicks  and  Carlson  method. 

It  follows  from  the  above  quotation  that  Dicks  and  Carlson  do  not  recommend  any  particular  method  for 
choice  of  solvent,  and  aniline  was  chosen  by  them  on  grounds  of  polarity  for  separation  of  the  system  benzene— - 
cyclohexane. 

It  is  not  possible  on  the  reasoning  of  Dicks  and  Carlson  to  explain  the  lack  of  selective  action  of  aniline 
in  the  system  methyl  alcohol— benzene. 

Our  experiments  demonstrated  that  it  is  impossible  to  separate  the  system  methyl  alcohol-benzene  by 
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means  of  aniline,  which  is  a  substance  formed  by  addition  of  a  polar  group  to  the  less  volatile  component  of  the 
mixture,  benzene. 

The  third  of  our  methods,  which  Tsiparis  calls  the  second,  is  applicable  both  to  close-boiling  and  to 
azeotropic  systems.  The  solvent  used  for  close-boiling  mixtures  may  or  may  not  form  azeotropic  mixtures  with 
each  of  the  substances  to  be  separated. 

For  close-boiling  systems  it  is  also  possible  to  use,  as  solvents,  substances  which  show  considerable  differ¬ 
ences  of  "temperature  depressions"*  between  the  substances  to  be  separated. 

Some  additional  conditions  apply  to  the  choice  of  a  solvent  for  the  separation  of  azeotropic  mixtures:  the 
solvent  must  not  form  azeotropic  mixtures  with  die  original  components.  Moreover,  as  the  boiling  points  of  the 
components  of  azeotropic  mixtures  usually  differ  considerably  (as  compared  with  systems  consisting  of  substances 
with  similar  boiling  points),  for  better  comparability  of  "temperature  depressions"  it  is  recommended  to  select, 
from  the  homologous  series  of  the  substances  to  be  separated,  two  substances  close  in  boiling  point,  and  then, 
from  an  examination  of  their  "temperature  depressions,"  to  select  a  suitable  solvent  for  the  original  mixture. 

Thus,  the  substance  to  be  used  as  the  solvent  should  conform  to  the  following  conditions:  1)  it  should  show 
considerable  differences  of  the  "temperature  depressions"  with  the  homologs  of  the  components  of  the  original 
mixture,  and  2)  it  must  not  form  azeotropes  with  either  of  the  original  substances. 

Tsiparis,  in  his  examination  of  the  method  in  relation  to  azeotropic  mixtures,  considers  the  system  ethyl 
alcohol— isopropyl  alcohol  as  his  example,  forgetting  that  this  system  is  not  azeotropic,  and  hence  draws  his 
erroneous  conclusions. 

Despite  the  views  of  I.  N.  Tsiparis,  most  investigators  agree  that  for  industrial  extractive  distillation  the 
solvent  chosen  should  be  less  volatile  than  the  components  to  be  separated  if  only  because  this  considerably 
facilitates  recovery  of  the  solvent.  This  question  should  not  be  detached  from  the  practice  of  industrial  extrac¬ 
tive  distillation. 
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ON  THE  COMMENTS  OF  I.  N,  TSIPARIS  [1]  CONCERNING  THE  PAPER  BY 
V.  V.  KAFAROV  AND  L.  A.  GORDIEVSKY  ’’BASIC  PRINCIPLES  OF  THE 
CHOICE  OF  A  SOLVENT  FOR  THE  SEPARATION  OF  AZEOTROPIC  SYSTEMS 
BY  THE  EXTRACTIVE  DISTILLATION  METHOD” 

V.  B.  Kogan 

Extractive  rectification  is  one  of  the  new  domains  of  distillation  technology.  The  number  of  publications 
on  this  question  is  relatively  small,  and  the  theory  of  the  process  is  still  in  the  stage  of  accumulation  of  facts. 

For  this  reason,  in  our  view,  the  question  of  a  theory  of  extractive  rectification,  and  of  methods  for  the  choice 
of  separating  solvents,  is  not  yet  ripe  for  creative  discussion.  Therefore  the  particular  comments  of  I.  N.  Tsiparis 
[1]  on  V.  V.  Kafarov  and  L.  A.  Gordlevsky’s  paper  [2]  could  be  ignored  if  the  paper  by  Tsiparis  did  not  contain 
certain  errors  concerning  the  principles  of  selection  of  separating  solvents. 

The  error  in  Tsiparis’  views  lies  in  the  fact  that  he  minimizes  the  significance,  in  the  selection  of  separa¬ 
ting  solvents,  of  experimental  data  whereby  it  is  possible  to  determine  the  degree  of  nonideality  of  binary  systems 
(in  particular,  data  on  the  properties  of  azeotropic  mixtures),  and  exaggerates  the  importance  of  properties  of  the 
components  (polarity,  etc.)  which  do  not  in  themselves  determine  the  interaction  between  the  solution  compo¬ 
nents. 

As  is  known,  the  effectiveness  of  separating  agents  depends  on  the  degree  to  which  they  Increase  relative 
volatility  in  a  given  system.  The  greatest  importance  here  attaches  to  differences  in  deviation  from  ideal 
behavior  in  binary  systems  consisting  of  components  of  the  original  mixture  and  the  separating  agent.  Conse¬ 
quently,  the  choice  of  the  latter  reduces  to  prediction  of  liquid-vapor  equilibrium  conditions.  This  problem  has 
long  been  known  in  practice  and  its  significance  goes  far  beyond  the  requirements  of  the  extractive  rectification 
theory.  However,  up  to  the  present  a  general  solution  has  not  been  found.  Attempts  to  predict  the  nonideality 
of  binary  systems  from  individual  properties  of  the  cornponents,  such  as  polarity  [3],  internal  pressure  [3],  tend¬ 
ency  to  hydrogen  bonding  [4],  etc.,  give  results  of  limited  practical  value.*  This  is  quite  understandable  in  view 
of  the  great  diversity  of  interactions  which  may  occur  in  real  solutions. 

In  view  of  the  lack  of  a  priori  methods  for  predicting  deviations  from  ideal  behavior  in  components  of 
real  systems,  methods  for  selection  of  separating  solvents  must  at  present  be  based  largely  on  the  use  of  experi¬ 
mental  data  whereby  deviations  from  Raoult's  law  can  be  evaluated. 

Any  properties  of  the  systems  whereby  the  degree  of  deviation  from  ideal  behavior  can  be  estimated  may 
be  used  for  this  purpose.  For  example,  it  is  possible  to  use  data  on  the  boiling  points  of  mixtures  [5,  6],  solubili¬ 
ties  [7,  8],  critical  solution  temperatures  [9],  and  boiling  points  of  azeotropic  mixtures  in  binary  systems  formed 
by  the  components  of  the  mixture  to  be  separated  and  the  proposed  separating  agent.  Since  all  the  properties  of 
a  solution  are  Interrelated  and  the  value  of  each  depends  on  the  degree  of  interaction  of  the  components,  in 
general  the  nature  of  deviations  from  ideal  behavior  may  be  evaluated  not  from  one  but  from  a  number  of  prop¬ 
erties.  Therefore  one  must  agree  with  the  comment  by  I.  N.  Tsiparis  that  the  method  proposed  by  V.  V.  Kafarov 
and  L.  A.  Gordlevsky  for  selection  of  separating  agents  on  the  basis  of  boiling  point  data  for  azeotropic  mixtures 
cannot  be  regarded  as  the  "only  possible  method"  even  for  a  restricted  class  of  systems  (consisting  of  members  of 
the  same  homologous  series).  In  the  presente  state  of  the  problem  no  one  method  can  be  claimed  to  serve  this 
purpose. 

*  For  example,  ethanol,  ethyl  acetate,  and  water,  despite  their  almost  equal  dipole  moments  (1.70  •  10"^®, 

1.86  •  10“^®  and  1.85  •  10"^®  e.s.u.  at  18*)  form  binary  systems  and  a  ternary  system  showing  considerable 
positive  deviations  from  Raoult’s  law. 


As  regards  the  relationships  between  the  deviations  from  Raoult’s  law  and  the  properties  of  the  components, 
these  are  merely  exploratory  in  character,  as  such  properties  in  themselves,  as  has  already  been  stated,  do  not 
determine  the  nature  of  the  interaction  between  the  components.  Views  concerning  such  relationships  can  be 
used  at  present  only  for  indicating  groups  of  substances  for  experimental  investigation  in  cases  in  which  a  separa¬ 
ting  agent  cannot  be  selected  on  the  basis  of  available  data  and  experimental  investigations  are  necessary.  There¬ 
fore  the  use,  for  selection  of  separating  agents,  of  data  on  solutions  properties  should  undoubtedly,  in  the  present 
state  of  the  extractive  rectification  theory,  give  more  reliable  results  than  the  use  of  concepts  based  on  utiliza¬ 
tion  of  data  on  the  properties  of  the  components. 

The  erroneous  views  of  I.  N.  Tsiparis  in  this  respect  are  seen  in  his  incorrect  evaluation  of  the  method 
proposed  by  Kafarov  and  Gordlevsky  for  choice  of  separating  agents  based  on  the  boiling  points  of  azeotropic 
mixtures  in  conjunction  with  laws  governing  interaction  of  homologs.  Data  on  properties  of  azeotropic  mixtures 
are  experimental.  They  make  it  possible  not  only  to  make  a  comparative  evaluation  of  nonideality  of  binary 
systems,  but  also  to  make  approximate  calculations  of  equilibrium  liquid-vapor  compositions  [10],  i.  e.,  to 
evaluate  quantitatively  the  degree  of  nonideality  of  a  binary  system.  Therefore  Tsiparis*  comments  that  the 
methods  for  selection  of  separating  agents  by  the  use  of  data  on  properties  of  azeotropic  mixture  are  based  on 
•formal  grounds,"  and  that  the  polarity  criterion  "provides  an  approach  to  a  more  general  deduction  than  those 
drawn  by  the  authors  of  tire  paper  under  discussion"  [2]  distort  the  nature  of  the  problem  and  merely  stress  the 
erroneous  nature  of  Tsiparis’  views  concerning  the  relative  significance  of  the  properties  of  the  components  and 
the  properties  of  systems,  characterizing  the  degree  of  nonideality  of  the  latter,  in  selection  of  separating  agents. 

This  impression  is  further  intensified  by  the  inappropriate  reference  [11]  to  work  on  separation  of  mixtures 
of  medianol  and  ethanol  in  presence  of  water.  Explanation  of  the  results  of  this  work  involves  no  difficulties  if 
it  is  taken  into  consideration  that  the  presence  of  water  decreases  the  relative  volatility  of  methanol,  as  Is  shown 
by  known  data  on  liquid-vapor  equilibria  in  the  system  methanol-ethanol-water  [12], 

It  follows  from  the  above  that  the  paper  by  Tsiparis  gives  a  wrong  evaluation  of  the  relative  importance 
of  die  properties  of  the  components  and  the  properties  of  systems  in  characterizing  the  degree  of  their  nonideality, 
for  selection  of  separating  agents,  by  attaching  excessive  importance  to  the  properties  of  the  components. 

Further  development  of  methods  for  the  selection  of  separating  agents  must  proceed  both  by  development 
of  mediods  for  predicting  of  the  degree  of  nonideality  of  solutions  from  the  properties  of  the  components,  and  by 
improvement  of  methods  based  on  the  utilization  of  data  on  solution  properties  and  by  extension  of  the  range  of 
data  available  for  this  purpose. 

The  second  direction  must  be  regarded  as  the  more  immediately  promising. 
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